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PREFACE

Personnel of the U. S. Army Engineer Waterways Experiment Station

(WES) conducted the study described herein during the period December

1975-July 1976 for the U. S. Army Training and Doctrine Command (TRADOC)

under Intra-Army Order for Reimbursable Services No. CD-81-76, dated

19 December 1975 and Change Order No. Cl, dated 10 June 1976.

The study was conducted under the general supervision of

Messrs. W. G. Shockley, Chief, Mobility and Environmental Systems

Laboratory (MESL), A. A. Rula, Chief, Mobility Systems Division (MSD),

C. J. Nuttall, Jr., Chief, Mobility Research and Methodology Branch

(MRMB), and Mr. E. S. Rush, Mobility Investigations Branch (MIB).

Messrs. D. D. Randolph, MRMB, and J. H. Robinson, MIB, directed the

overall study and prepared this report. Messrs. Robinson, J. N. Peacock,

L. M. Lewis, and S. M. Hodge of MIB, and Mr. B. G. Palmertree,

Instrumentation Services Division, Operations Branch, WES, conducted the

dynamics test program at Fort Sill, Oklahoma. Mr. R. G. Temple, MRMB,

prepared artillery route network maps from job overlay maps, and

Mr. C. D. Currie, MIB, digitized the route network maps for computer

use. Messrs. R. P. Smith, B. R. Wright, and R. B. Ahlvin, Data Handling

Branch (DHB), MSD, prepared the vehicle performance predictions for

this study. Messrs. Temple, Peacock, and Currie, and Mrs. S. B. Anglin

(DHB) assembled the vehicle characteristics data and prepared the data

tables. Personnel of the Science and Technology Division, U. S. Army

Tank-Automotive Research and Development Command (TARADCOM), exercised

the Army mobility model (AMM) to predict vehicle performance in linear

terrain. Supporting activities of TARADCOM were under the direction of

Dr. J. G. Parks, Chief, Engineering Sciences Division, and Mr. Z. J.

Janosi, Chief, Methodology Function Directorate.

COL G. H. Hilt, CE, and COL J. L. Cannon, CE, were Directors of

WES during the conduct of the study and preparation of the report.

Mr. F. R. Brown was Technical Director.
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CONVERSION FACTORS, METRIC (SI) TO U. S. CUSTOMARY AND

U. S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

Units of measurement used in this report can be converted as follows:

Multiply By To obtain

Metric (SI) to U. S. Customary

millimetres 0.03937007 inches

square kilometres 0.3861 square miles
(U. S. statute)

U. S. Customary to Metric (SI)

inches 0.0254 metres

feet 0.3048 metres

miles (U. S. statute) 1.609344 kilometres

square inches 6.4516 x 10-4 square metres

pounds (force) 4.448222 newtons

kips (force) 4448.222 newtons

tons (force) 8896.444 newtons

pounds per square 6.894757 kilopascals
inch

miles (U. S. statute) 1.609344 kilometres per
per hour hour

degrees (angular) 0.01745329 radians

horsepower per ton 83.82 watts per kilonewton
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MOBILITY PERFORMANCE OF TOWED AND SELF-PROPELLED

'ARTILLERY AND RELATED VEHICLES

PART I: INTRODUCTION

Background

1. As part of Force Artillery Mix-1976 (FAM-76), the U.. S. Army

Engineer Waterways Experiment Station (WES) conducted a study in 1972

for the U. S. Army Combat Development Command Field Artillery Agency

(USACDFAA). In this study WES used the Army mobility model AMC-711 to

determine the on- and off-road mobility performances of a group of self-

propelled artillery and prime mover-towed artillery combinations, with

generalized and detailed terrain descriptions representing a variety of

operational environments.

2. As a result of recent development in applying mobility

methodology to and analyzing detailed terrain data from two study areas

in the U. S. Army Training and Doctrine Command (TRADOC) study "Special

.Analysis of High-Mobility Vehicles" (short title, "HIMO Study") 2 and

related studies, TRADOC asked WES to conduct similar mobility deter-

minations in support of another study, LEGAL MIX V. For this study, WES

used the updated Army mobility model, AMC-74X 2 3 ' 4 and the terrain data

base developed for the HIMO Study to determine performances of self-

propelled artillery, prime mover-towed artillery combinations, and other

artillery support and reference vehicles. In addition, a simple model

to make GO/NOGO predictions termed the "JIFFY mobility model"* was also

used to make predictions for nine countries in which terrain was

described with less detail than the HIMO data base. The JIFFY mobility

model was designed for use with terrain data described in 1 .less detail

than required for AMC-74X. The AMC-74X was not used to make predictions

for the generalized terrain data because the terrain was not described

in sufficient detail.

• Described in Appendix A.
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Objective of LEGAL MIX V Study

3. The objective of the LEGAL MIX V Study is to evaluate the

relative effectiveness of current and projected towed and self-propelled

artillery and of various mixes in specific artillery missions and

operational environments.

Objective of WES Support

4. The objective of the WES support was to provide specific

predictions of on- and off-road mobility performances of various study

vehicles, i.e. self-propelled artillery, prime mover-towed artillery

combinations, and other related vehicles in selected terrains or road

combinations, and use these mobility predictions as a data base to

suggest methods for analyzing the relative mobility effectiveness of

candidate vehicles.

Scope

5. The scope of activities necessary to achieve the study

objective were:

a. The JIFFY mobility model (Appendix A) was used to predict
the probability of off-road GO performances of 60 study
vehicles in 9 countries described by generalized terrain
data (Part III).

b. The AMC-74X mobility model (AMM) (paragraph 20) and HIMO
methodology were used to predict off-road and on-road
performances of 13 selected study vehicles in the HIMO
West Germany and Mid-East study areas described by
detailed terrain data. Performance predictions in each
study area included the following:

(1) Speed profiles for primary roads, secondary roads,
trails, and off-road and related indices (V9 0 , V1 0 0 ,
percent NOGO) (Part III).

(2) Diagnostic statistics for primary roads, secondary
roads, trails, and off-road (Part III).

(3) Link statistics for "as-is" and off-road links (Part
IV).



(4) Ranking of vehicles for tactical high and tactical
high-high missions (Part IV).

(5) Relative ranking of selected groups of vehicles
(Part IV).

(6) Time to complete selected artillery-related missions
in West Germany (Part IV).

Items 1, 2, 4, and 5 were developed using the same
representative sample of the terrain for the two HIMO
study areas as used in the HIMO analyses. The West
Germany sample terrain contained 16 percent of the study
area and the Mid-East sample terrain contained 13 per-
cent of the study area.

c. A limited number of experimental ride and shock tests were
conducted to establish ride dynamics relations for some
of the study vehicles.

Composition of Report

6. This report contains a main text and 8 appendices: Appendix A

describes the JIFFY mobility model, Appendix B presents the vehicle

characteristics used in this study, Appendix C includes the results of

experimental vehicle dynamic tests, Appendix D describes the generalized

terrain data, Appendix E contains the basic performance data for HIMO

West Germany and Mid-East study areas, Appendix F discusses theselec-

tion of tactical high as suggested mobility level for comparing study

vehicles, Appendix G'shows the computation of mission-oriented speed

based on statistical mission definition and vehicle performance

statistics for a given area and condition,

9



PART II: DESCRIPTION OF VEHICLES, TERRAIN DATA,

AND SEASONAL CONDITIONS USED IN THIS STUDY

Vehicles

7. Sixty study vehicles were selected by the LEGAL MIX V Study

Group, 47 prime mover-towed artillery combinations, 3 self-propelled

artillery, and 10 reference vehicles. A list of the study vehicles is

given in Table 1.

Vehicle characteristics

8. All study vehicles were characterized as carrying their rated

payloads. Principal characteristics of all of the study vehicles are

listed in Table 2. Vehicle data as required for input to the AMM and

JIFFY mobility model are given in Appendix B.

Ride and shock tests

9. Both field experience and simulations have shown that dynamic

responses of vehicles traversing rough terrain and crossing minor

obstacles often significantly influence speed. AMM is so structured

that values for these critical vehicle characteristics can be obtained

by simulations or from experimental data.

10. Experimental ride and shock data were available from previous
5

test programs for most of the prime movers, but not for the towed

artillery. Therefore, a test program was conducted to determine if the

towing of an artillery piece by a prime mover would result in signifi-

cant changes in the ride and shock responses of the prime mover, and to

fill the voids in the existing data base. Also, data were collected for

two self-propelled artillery vehicles. The results of these tests are

presented in Appendix C. L

ll.It was concluded from this spot-check test program that the

towed artillery had no significant effect on the vertical ride and shock

characteristics of the prime movers at the driver's station. These

characteristics are important inputs to the mobility model. It was

also noted that additional limits to those used limiting performance due

to ride and shock responses might be required to protect tires and rims

10



of the towed artillery from physical damage. The limited scope of this

test program did not produce sufficient data to define such additional

limits, however, and none were used in evaluations made in the mobility
m~del.

Terrain and Seasonal Conditions

Terrain

12. Generalized terrain data for nine countries and detailed

terrain data for portions of two countries were used in this study.

13. Generalized terrain. The generalized terrain data were pre-

pared from maps with scales ranging from 1:825,000 to 1:3,200,000 and

other limited data. Because the maps are classified, the countries are

referred to herein as countries A, B, C, D, E, F, G, H, and I. These

countries are identified in Reference 6. The generalized terrain data

use 5 parameters (soil type, soil strength, slope, obstacle height, and

vegetation stem size and spacing) to describe the off-road terrain

(Appendix D). No linear terrain features or roads are described for the

generalized terrain data base.

14. Detailed terrain. The detailed terrain data used in this

study are for the HIMO West Germany and Mid-East study areas and were

prepared from maps at a scale of 1:50,000. In the West Germany study

area, predictions were made for a condition in which the terrain was

uniformly covered with 10 in. of dry snow, which is a reasonably maximum

average depth for the actual area. In the Mid-East study area, predic-

tions were made for a condition in which the terrain was arbitrarily

covered with clean sand common in sand dunes. These special terrain

conditions are described in Reference 2.

15. Each HIMO study area contaLns about 3000 km2 .* The terrain

descriptions include areal, linear, and road-network data; 22 factors

describe a patch of areal terrain, 10 a segment- of linear terrain, and

• A table of factors for converting metric (SI) units of measurements
to U. S. customary units, and vice versa, is given on page 6.
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8 a segment of road. The HIMO road-network data were derived by

connecting the mission road and points (units and supply points or

successive unit positions). Since this network was made up primarily of

routes in connection with tactical support, the LEGAL MIX V Study Group

selected a group of 37 missions within the West Germany HIMO study area

related to artillery movement (identified as tactical movements 1-37 in

Figure 1), and this network was used in this study. No routes were

selected by the LEGAL MIX V Study Group for Mid-East terrain. The

percentages of primary and secondary roads, trails, and off-road terrain

in the HIMO and artillery routes in West Germany and the HIMO Mid-East

routes are given in Table 3. This distribution shows that the artillery

route network contains more trail and off-road travel than does the HIMO

network in West Germany.

Seasonal weather conditions

16. Generalized terrain. Vehicle performance was predicted for

the 9 countries for both wet and dry surface conditions using the soil

strength associated with these two conditions (Appendix D). The wet

condition is decribed as wet with associated reduced soil strengths but

surface not considered to be slippery.

17. Detailed terrain. Vehicle performance was predicted for each

HIMO study area for an excessive wet period and still raining, hereafter

called wet condition. The wet condition for the detailed terrain data

base is generally worse from the standpoint of vehicle mobility than

the wet condition described for the generalized terrain because potential

slipperiness of soil surfaces was considered in addition to reduced soil

strengths due to high moisture contents of soil. During the wet

condition, the soil surface of trails, primary roads, and secondary

roads in the detailed terrain data base were considered to be slippery.
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PART III: MOBILITY PREDICTIONS

18. The JIFFY mobility model (Appendix A) is a very simple model

designed for use with generalized terrain data. It was used to predict

GO/NOGO for all the study vehicles in the nine countries described by

generalized terrain data.

19. The AMC mobility model (AMM) was used to predict on-road and

off-road speed performance and time to cross linear terrain features for

43 selected study vehicles in the two HIMO areas and for selected

artillery routes. The version of the AMM (AMC-74X) used in this study

was the first-generation AMC-71 with a number of significant improve-

ments in the predictive algorithms that have since been incorporated in

the second-generation version (AMC-74) published in 1975. A brief

description is given in Appendix A of Reference 2.

20. Most of the performance data for prime movers towing artillery

are presented in the form of matrices to make it easy to compare the

relative mobility of the candidate prime movers. The towed artillery

were also grouped according to weight as follows: the 3340-lb M102 and

the 4775-lb XM204 were referred to as lightweight artillery; the 12,700-

lb Ml14Al, the 15,250-lb XM198, and the 16,590-lb XM(130-mm) were

referred to as medium-weight artillery; and the 19,250-lb FH70 was

designated heavyweight artillery.

21. To reduce cost, performance predictions over the detailed HIMO

terrain and artillery routes were not made for 17 of the prime mover-

towed artillery pieces, but performances of these 17 vehicles are

referenced to similar prime mover-towed artillery combinations for which

predictions were made..

22. Performance predictions for the study vehicles over the

generalized terrain, the detailed terrain, and the special artillery

routes are discussed in the following paragraphs.

14.



Performance Predictions over Generalized Terrain

23. Since the generalized terrain data were prepared from small-

scale maps and other limited available data (paragraph 12), quantitative

terrain factors were mapped in broad class intervals. In the basic

GO/NOGO predictions from the JIFFY mobility model (Appendix A), the mid-

class value could be used as most representative of each terrain factor.

However, endless possibilities exist, within the original description,

for each value independently to lie at other points within the range,

some of which may be more favorable for vehicle progress, others less

so. Therefore, for this study GO/NOGO predictions were made with the

JIFFY model for maximum, middle, and minimum values of soil, slope, and

obstacle parameters (27 combinations) allowed by the class designators

for each terrain unit (Appendix D). On the assumption that each of the

three levels of each parameter had an equal likelihood of occurrence,

and that the three parameters were independent, the total number of GO

cases divided by the full 27 possibilities was taken as an expression of
"probability of GO" for the given vehicle in a terrain unit.

24. For this study probabilities of GO were then grouped in three

classes and assigned mobility levels as follows:

Probability of GO Mobility Level

0-33 NOGO to marginal GO

>33-66 GO, but with some route selection
required

>66-100 GO with relative freedom of movement

25. Probability of GO predictions were made for each of the study

vehicles during the wet and dry conditions over each of the countries

described by generalized terrain data. The percentage of each country

that a given study vehicle could negotiate in that country at a given

mobility level is given for each study vehicle in Tables 4 and 5.
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Performance Predictions Over HIMO Detailed Terrain

26. Performance predictions for the HIMO detailed terrain data are

described in the following paragraphs.

Speed profiles
'27. A principal means of displaying area-wide off-road performance

in areal terrain is an off-road speed profile. The off-road speed

profile for a given vehicle, terrain, and seasonal weather condition

shows the average speed the vehicle can sustain, as a function of the

percentage of the total area under consideration that it avoids, under

the assumption that it avoids areas posing the greatest impediment to

its motion. AMM areal terrain speed predictions were run for all

vehicles and two conditions (wet and snow conditions for West Germany

and wet and sand conditions for the Mid-East) in the link traverse

sample of the areal terrain characterized for one full topographic map

sheet in each study area. The single map sheet selected for each area,

covering 16 percent of the total West Germany study area and 13 percent

of the Mid-East study area, is considered to be representative of the

entire area and was the same sample used for the HIMO study. An example

of an off-road profile derived from the AMM predictions is given in

Figure 2.

28. The performances of the 43 selected study vehicles on primary

roads, secondary roads, and trails can be displayed in speed profiles

similar to the off-road speed profiles. Tables El-E43 (Appendix E) list

the speed profiles data in tabulated form (same as tabulated form shown

in bottom right corner of Figure 2) for each of the study vehicles in

the HIMO study areas for two selected conditions on primary roads,

secondary roads, trails, and off-road.

Performance indices

29. Four performance indices (V90 for off-road areal terrain and

V1 0 0 for primary and secondary roads and trails) were derived directly

from speed profiles. All were used to make discriminations in vehicle
7

performance in the Department of the Army (DA) WHEELS Study. V9 0 is

the average areal terrain speed when the vehicle is avoiding the 10
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percent of the areal terrains that is the most difficult. VI is the

average speed (V1 00 ) when the vehicle is traversing all primary roads,

V2 is the average speed when it is traversing all secondary roads, and

V3 is the average speed when it is traversing all trails. V speed for

each study vehicle is given in Tables 6 and 7. Vil V2, and V3 for each

study vehicle is given in Tables 8 and 9.

31. Other indices that have been used to make discriminations in

vehicle performance are "percent NOGO" for primary roads, secondary

roads, trails, and off-road (DA WHEELS Study used "percent GO"). "Per-

cent NOGO" for primary roads, secondary roads, and trails is given in

Tables 10 and 11; and "Percent NOGO" for off-road is given in Tables 12

and 13.

Reasons for NOGO's or speed limits

31. Concurrent with the assembly of the speed profiles, the data

were analyzed to obtain diagnostic statistics that show the relative

occurrence of reasons for NOGO's and the factors limiting speed in the

GO situations. Also included in these statistics is the average speed

of the vehicle when controlled by a given factor. Tables E44-E87

(Appendix E) give the diagnostic statistics for the study vehicles for

two selected conditions in the HIMO study areas. These diagnostic data

characterize the two areas in terms of the type of mobility problems

posed, as well as indicate for specific vehicles the design areas in

which changes might benefit performance.

Link predictions
32. When predictions were made for the composite route network of

all roads and trails in the study area, plus such off-road traverses as

might be required for mission completion under reasonably favorable

combat conditions (0.1 percent off-road in the West Germany study area;

1.1 percent in the Mid-East study area), the predictions were referred

to as the "as-is link predictions." When all links are treated as off-

road traverses, the route network becomes a substantial scenario-

oriented sample of all off-road areal and linear terrain throughout the

study area and is referred to as "off-road link predictions."

33. As-is and off-road predictions of average speed over all links

18



were made for each of the study vehicles for two selected conditions in

both of the HIMO West German and Mid-East study areas. These link speed

prediction data are given in Tables 14 and 15. The percentages of the

total time for traversing links that the vehicles spent crossing linear

features are given in Tables 16 and 17.

Tactical mobility levels rating speeds

34. The link prediction data and the methodology described in the

HIMO report were used to obtain the performance of the study vehicles at

the high and high-high (see Table 18 for definition of "high-high")

mobility levels. These data are given in Tables 19 and 20. Tactical

mobility levels are discussed in more detail in paragraphs 45 and 46.

Vehicle group performance

35. Self-propelled artillery and prime mover-towed artillery are

often accompanied by other vehicles. When artillery and other vehicles

travel together, the speed of the slowest vehicle in each terrain patch

crossed will control the overall group speed in that patch. Since the

same vehicle is not always the slowest vehicle in every patch, the

vehicle group speed for a complete traverse through a study area will

in general be slower than that of any one of the vehicles singly. On

roads (but not trails), limiting speeds are largely determined by vehicle

power levels, so that in road operations the speed of a mixed vehicle

group will be very close to that of the slowest vehicle in the group.

36. Four vehicle groups were selected by LEGAL MIX V Study Group

as representative of the types of vehicle groups as follows:

Self-Propelled, Prime Mover-Towed Artillery, and

Group Accompanying Vehicles

I MI09Al, M548EI, M577AI

II M813-XM198, M561

III M548E1-XM198, M577AI

IV M548E1-XM198, M561

37. Using the speed predictions for the individual vehicles in

the group and selecting the vehicle with the lowest speed as controlling

the speed of the vehicle group, speed profiles were prepared for each

19



vehicle group for two selected conditions on primary roads, secondary

roads, trails, and off-road for the HIMO West Germany and Mid-East study

areas. The speed profiles for the vehicle groups are given in Tables

E88-E91 (Appendix E).

38. The speed profiles for the vehicle groups were used to obtain

VIO0 and percent NOGO for the primary roads, secondary roads, and trails;

and V for off-road. These data and similar data for individual
90

vehicles traveling alone are presented in Table 21 for comparison. Also

shown in Table 21 is the percentage of the traverse distance that each

vehicle limited the overall performance of the group. When two or more

vehicles were controlling at the same time in a given terrain patch due

to identical speeds in that patch, the percentage of traverse distance

was included for each vehicle; therefore, the total distance of all

vehicles traveling together is greater than 100 percent.

Performance Predictions for Artillery Missions

39. Performance predictions in terms of time for one-way travel

between two points indicated as start and end of each mission were made

for each of the study vehicles over each of the missions in the West

German study area identified by the LEGAL MIX V Study Group. These

performance predictions are given in Tables E92 and E93 (Appendix E).

Also included in the tables are the mission distances from which, when

coupled with the times, the average speeds over the routes can be

computed.
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PART IV: RELATIVE MOBILITY OF CANDIDATE VEHICLES

40. This study does not analyze the mobility predictions for the

generalized and detailed terrain data presented in Part III but does

suggest methods of establishing (a) the relative mobility of candidate

prime movers for towing lightweight, medium-weight, and heavyweight

artillery, (b) the relative mobility of candidate self-propelled

artillery, and (c) the mobility of selected prime mover-towed artillery

relative to that of self-propelled artillery. The mobility predictions

for the detailed terrain data were also used to suggest methods for

establishing the relative mobility for each selected group of vehicles

traveling together.

Suggested Mobility Comparisons Based on Generalized Terrain Data

41. The performance parameter selected for comparing the study

vehicles in each of the nine countries described by generalized terrain

data was the percentage of the country with a >66-100 probability of GO

(Tables 4 and 5).

Relative mobility of
candidate prime movers

42. The data in Table 4 giving the percentage of country with

>66-100 percent probability of GO were used to determine the relative

mobility of the prime movers towing lightweight artillery (group 1),

prime movers towing medium-weight artillery (group 2), and prime movers

towing heavyweight artillery (group 3) in each of the nine countries

(Table 22). The relative mobility of each vehicle in a group is
expressed as a percent of the "best vehicle", i.e. that vehicle that

can negotiate the largest percentage of a country.

Relative mobility of
self-propelled artillery

43. Table 5 shows very few differences in the performances of the

self-propelled artillery in terms of percent of country with >66-100

percent probability of GO, except in country B during dry conditions
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where the M107 had about a 20 percent increase in GO area over the

MllOE2 and MlO9Al. The self-propelled artillery always equaled or

exceeded the performance of the M60A2 and MlI3Al reference vehicles.

Mobility of prime mover-towed artillery
combinations relative to test of
self-propelled artillery

44. Three prime movers towing one of each weight class of

artillery (lightweight, medium-weight, and heavyweight) were selected

for comparing their mobility performances with the mobility performance

of a selected self-propelled artillery piece. The percentages of each

country (for two conditions) that the prime mover-towed artillery could

negotiate with a >66-100 probability of GO are compared to similar

performance data for the self-propelled Ml09Al in Table 23. These data

are also plotted in the form of bar graphs in Figures 3 and 4. Suffi-

cient data are listed in Tables 4 and 5 for making similar comparisons

between any of the other prime mover-towed artillery combinations and

self-propelled artillery.

Suggested Mobility Comparisons Based on HIMO

Methodology and Detailed Terrain Data

45. The mobility of the study vehicles can be compared by using

any of the single vehicle performance parameters presented in Part III.7
The WHEELS study used the V9 0 off-road speeds (Tables 6 and 7), the

ViO0 speeds for primary and secondary roads and trails (Tables 8 and 9),

and the percent of off-road terrain NOGO (Tables 12 and 13). The aver-

age link speeds (Tables 14 and 15) and the percentage of link time

vehicles spent crossing linear features (Tables 16 and 17), developed

for the HIMO study, also represent performance data for assessing

mobility of the study vehicles. These mobility performance data are all

useful in comparing study vehicles with vehicles used in other studies;

however, vehicle comparisons based on the WHEELS mobility-level defini-

tions seem to be the most useful since they define in general terms the

missions that vehicles are required to complete. The WHEELS study
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defined three levels of tactical mobility. These are given in Table 18,

along with the identification of two additionalmobility levels (high-

high and on-road mobility), which were developed for the HIMO study to

complete the range.

46. The tactical high mobility level was felt to more closely fit

the missions of the towed and self-propelled artillery (see Appendix F)
F

and is suggested as the overall parameter for comparing the mobility of

the study vehicles. High-high mobility was also computed to show what

effect more off-road travel would have on the study vehicles. These

data are given in Tables 19 and 20. It should also be noted that the

basic data are available in this report for determining other levels of

mobility (on-road, support, and standard) using the equations presented

in Appendix G and the definitions used for the mobility levels in Table

18.

Relative mobility of
candidate prime movers

47. Table 24 shows the relative mobility of the prime movers for

towing lightweight, medium-weight, and heavyweight artillery based on

the tactical high mobility level. The M35A2 ranks first in towing the

lightweight artillery in the wet condition in West Germany followed

closely by the ASV. The ASV ranks first in towing the lightweight

artillery in the snow condition in West Germany and both wet and sand

conditions of the Mid-East. The ASV and UET rank first in towing the

medium-weight artillery in the wet condition in West Germany. The ASV

ranks first in towing the medium-weight artillery in the snow condition

of West Germany and the wet and sand conditions of the Mid-East. The

ASV ranks first in towing the heavyweight artillery in the snow condi-

tion of West Germany and the sand condition of the Mid-East. None of

the prime movers are acceptable for towing the heavyweight artillery in

the wet conditions of the West Germany and Mid-East study areas. The

prime movers towing the heavyweight artillery have better performance in

the snow condition than in the wet condition because the snow condition

is described as 10 in. of snow on frozen ground; whereas, the wet condi-

tion is described as a wet and slippery surface.
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Relative mobility of
self-propelled artillery

48. Table 20 shows very little difference in the performances of

the self-propelled artillery at the tactical high mobility level. The

high-high mobility level shows a decrease in performance of all vehicles

and reflects the NOGO performance of the study vehicles in off-road

terrain.

Mobility of prime mover-towed artillery
relative to that of self-propelled artillery

49. The performances of four selected prime movers towing light-

weight (group 1), medium-weight (group 2), and heavyweight (group 3)

artillery were compared with that of the MlO9Al self-propelled artillery

piece for both the tactical high and high-high mobility levels (Table

25) for both wet and snow conditions in West Germany and wet and sand

conditions in the Mid-East. Each group of prime movers selected for

comparison contained the ASV (tracked) and the TDW901 (wheeled), which

are not currently artillery prime movers, and the M548E1 (tracked) and

the M561 towing group 1, M656 towing group 2, and M520El towing group 3

(wheeled) currently used as prime movers for towing artillery. The

comparisons shown in Table 25 are also shown in Figures 5-10 in the form

of bar graphs.
50. A minimum acceptable level of mobility has not been established

for towed or self-propelled artillery. However, it is noted that in the

HIMO study, the minimum acceptable level of mobility for support vehicles

was described as seventy-five percent of the M60A2 mobility rating speed.

This percentage or some other percentage of the Ml09Al mobility rating

speed might be a good method of defining the minimum acceptable level

of mobility for prime movers towing artillery.

Suggested Method for Ranking of Vehicle Groups

51. The data presented in Table 21 show that for primary roads,

secondary roads, and trails, there is only generally a little difference

between the speed of the slowest vehicle in a group and the group speed.

However, off-road group performance shows that the NOGO percentages of
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vehicles traveling together often add up to more than that of any

individual and, therefore, have a greater effect (paragraphs 35 and 38).

52. Table 26 shows the ranking of the vehicle groups for the two

selected conditions in the West Germany and the Mid-East on primary

roads, secondary roads, trails, and off-road.
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Table .1

Ocrfuosrwce Predictions for Prime Mooor-Towed Artillery Coablnations In the ICountrieý Described by Iocralized Terrain Dato

Porcantage oO Country wIth Indlicated o
Ileavyw¢1 h

Lilrhtuwiht Artillery . du5-elhtArtI11er Art I lorc
3340-lb 4775-Ih 12700-1b I0 1 0 -.- ... 2•....--.h ..

14102 X0204 M114A1 XM198 04 30-un) FH70
Vehicle 0 -33 '>--6-0 66-1 •3-33.66-I00 0-33 >33-66 '66-100 0-33 m-3366 >66 100 0-33 ,33-66 >66-l00

Country A - Wet Conditlon

14561 45.0 22.8 32.2 63.5 19.5 17.0 100.0 0.0 0.0 100.0 0.0 0.0
3SA2 28.4 31.0 40.6 38.0 31.5 30.5 83.0 14.2 2.8 96.5 3.s 0.0 98.3 1.7 0.0 99.0 1.() 0.0

14813 28.4 30.5 41.1 S8.9 IS.0 26.0 69.1 21.O 9.8 69.S 20.6 9.8 90.2 7.5 2.0
146S6 8.0 30.0 62.0 59,3 14.7 26.0 74.0 16.2 9,8 74.1 23.2 2.8 90.2 9.8 0.0
TOD9O0 7.7 20.7 71.6 18,9 44.0 37.1 32.5 35.5 32,0 42.1 26.0 32.0 76.6 ý9. 4.2
1520E1 32.8 23.1 44.1 40.6 27.7 23.7 64.9 16.3 18.8 64.9 16.4 16.8 16.3 13.9 9.0
1I25tI 32.S 36.7 30.7 33.1 41.2 25.6 r0.; 29.8 9.8
1548E1 3.1 3.2 93.7 3.3 3.6 93.1 6.3 35.8 57.9 10.9 52.3 36.8 10.9 56.6 32,5 50.6 31.5 17.8
UET 5.1 15.9 79.0 5.2 23.3 71.5 33.0 43.3 23,7
ASV 1.5 3.3 95.2 3.9 10.0 86.1 5.1 16.0 78.9 5.1 18.6 76.3 30.4 29.6 40,0

Country A - Dry Condition

14561 40,6 13.8 45.6 44.8 15.1 40.2 100.0 0.0 0.0 100.0 0.0 0.0
M45AZ 4.5 36.8 58.7 7.8 37.2 55.0 59.8 24.3 10.9 82.1 17.9 0.0 93.1 6.9 0.0 95.1 4.9 0.0
4813 4.5 36.7 58.0 41.2 14.4 4.4.4 44.6 17.9 37.6 4S.1 17.4 37.6 62.4 21., 16.2

1656 3.7 4.1 92,2 41.3 14.3 44.4 55.6 6.9 37.S 55.6 28.6 15.9 6ý2.5 37-. 0.0
TDK901 3.4 1.0 95.5 3.7 40.6 55.7 4.S 50.8 44.7 7.8 47.5 44.7 47.4 21.1 31.4
KS20E1 4.2 6.0 89.3 8.1 39.3 52.6 41.5 16,7 41.8 41.5 16.7 41.8 47.4 IS.0 37.6
112SE1 4.5 40.1 50.4 4.5 41.2 54.3 14.1 48.4 37.6

K548EI 2.3 1.4 96.3 2.3 1.,4 96.3 3.7 14.3 82.0 3.7 41.0 55.2 3.7 50.7 45.6 13.3 45.7 40.9
UST 3.5 1.0 95.5 3.7 0.8 95.5 6.6 40,9 52.6
ASV 0.0 2.3 9 .7 2.3 1.5 96.3 2.5 2.0 95.5 3.5 1.0 95.2 6.6 7,4 85.9

Country B - Wet Condition

M061 96.1 2.1 1.8 96.1 3.4 0,5 100.0 0.0 0.0 100.0 0.0 0.0
435A2 87.3 8.8 3.9 87.4 10.2 2.4 98.8 1.2 0.0 100.0 0.0 0.0 100.0 0.0 0.0 100.0 0.n 0.0
4813 87.3 8.0 3.9 96.1 2.1 1.8 96.1 3.4 0.5 96.1 3.4 0.5 98.8 1.2 0.0

M656 86.1 1.3 12.6 96.1 2.1 1.8 96.1 3.4 0.S 96.1 3.9 0.0 98.8 1.2 0.0
T11901 84.3 1.3 14.5 85.0 10.5 3.9 85.5 12.1 2.4 87A4 10.2 2,4 97.6 1.9 0.5

S4201E 85.5 3.5 11.1 87.4 10.2 2.4 96.1 2.1 1.8 96.1 2.1 1.8 9T.6 1.9 0.5
1412SEI 87.3 10.3 2.4 87.3 10.3 2.4 87.4 11.4 1.2
MS48E1 65.7 14.1 20.2 65.7 14.2 20.1 79.8 7.3 12.9 83.6 12.8 3.6 84.4 12.0 3.6 87,1 9.3 3.6
UET 77.2 9.2 13.6 77.3 10.4 12.3 85,0 11.4 3.6
ASV 20.6 48.2 31.2 65.9 14.9 19.6 68.6 16.3 15.1 77.0 7.9 15.1 77.8 9.3 12.9

Country B - Dry Condition

14561 91.0 5.0 4.0 91.0 6.1 2.9 100.0 0.0 0.0 100.0 0.0 0.0

43SA02 75.6 15.4 9.0 79.5 12.1 8.4 92.7 7.3 0.0 100.0 0.0 0.0 100,0 0.0 0.0 100.0 0.0 0.0
1813 75.6 15. 9.0 91.0 5.0 4.0 91.0 6.1 2.9 91.0 ().1 2,9 92.7 7.3 0.0
N656 74.9 4.7 20.5 91.0 5.0 4.0 91.0 6.1 2.9 91.0 9.0 0.0 92.7 7.3 0.0
TDW901 74.9 1.1 24.8 7(,.0 15.0 9.0 76.0 15.6 8.4 79.5 12.1 8.4 9:.6 5.5 2.9
MS20EI 75.6 4.5 19.9 79.5 12.1 8.4 91.0 5.0 4.0 91.0 5.0 4.0 9i.6 5.5 2.9
MS125E1 75.6 16.0 8.4 76.0 15.6 8.4 79.5 13.2 7.3
14548E1 21.5 53.3 25.1 21.5 53.6 24.8 74.9 4.4 20.7 75.2 20.8 4.0 75.2 20.8 4.0 8C.1 15.9 4.0
UET 74.9 1.0 24.2 75.2 5.7 19.1 7',.9 20.1 4.0
A5V 0.1 22.3 77.6 21.9 53.3 24.8 22.3 52.9 24.8 74.8 0.4 24.8 75.6 4.5 19.9

Country C - Wet Condition

1561 44.7 47.9 7.4 50.0 44.3 5.7 100.0 0.0 0.0 100.0 0.0 0.0
1435A2 12.4 37.6 50.0 14.2 15.3 32.5 92.7 7.3 0.0 95.3 4.7 0.0 95.3 4.7 0.0

1483 12.4 37.6 50.0 50.0 42.7 7.3 50.1 44.0 5.4 01.9 42.7 5.4 92.9 7.1 0.0
14656 12.4 1.8 85.8 44.7 48.0 7.3 73.6 21.0 5.4 73.6 26.4 0.0 92.9 7.1 0,0
TDW901 7.8 4,7 87.5 12.5 37.5 50.0 12.5 78.5 9.0 19.5 71.5 9.0 69.6 29.7 0.7
1432062 13.2 24,1 62.7 19.6 50.0 30.4 50.0 42.9 7.1 50.0 42.9 7.0 69.6 25.0 5.4
1125S1 17.7 49.8 32.3 17.8 S1.8 30.4 21.7 71.2 7,1
14881 0.0 7.8 92.2 0.0 12.5 87.5 12.4 22.9 24.7 12.5 56.6 30,9 12.5 58.4 29.1 39.1 53.8 7.1
UET 7.8 27.5 64.7 12.5 24.4 63.1 18.1 53.1 28.8
ASV 0.0 0.1 99.9 0.0 12.5 87.5 0.1 12.4 87.5 7.8 4.7 87.5 13.5 20.6 60.9

Country C - Dry, Condition

9561 44.7 47.9 7.4 45.7 48.4 5.9 100.0 0.0 0.0 100.0 0.0 0.0
435A2 12.4 33,3 54.3 13.8 40.9 45.4 79.6 18.9 1.5 95.1 4.9 0.0 95.1 4.9 0.0
9(813 12.4 33.3 54.3 45,7 46.9 7.4 45.7 48.5 0.8 46.9 47,3 5.8 75;.7 1808 1.5
M(656 12.4 1.4 66.2 44.7 47.9 7.4t 69.2 24.9 21.8 69.2 29.3 1.5 79,7 20.3 0.0
TD1f901 7,8 4.7 87.5 12.5 33.2 54.3 12.5 65.7 21.8 14.8 63.A 21.8 55.9 41.6 2.4
520EI 8.9 15.0 76.1 14.8 41.1 44.1 40.7 47.0 7.3 45.7 47.0 7.3 S5.9 38,2 5.8
112561 13.4 41.2 45.4 13.5 42.4 44.1 16.1 63,6 20.3
1454861 0.0 7.8 92.2 0.0 12.5 87.5 12.4 10.1 77.5 12.5 56.6 30.9 12.5 57.7 29.8 25.0 67,7 7.3
UET 7.8 14.7 77.5 12.S 24.4 63.1 13.6 S6.7 29,7
0SV 0.0 0.0 100.0 0.0 12.5 87.5 0.0 12.S 87.5 7,8 4.7 87.5 9.0 16.0 75.0
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Toble 4 (Continued)

Percentage of Country with Indicated Probability of Co
Heavyweight

Lightweight Artillery Medium-Weight Artillery Artillery
3340-1'b 477-lb 12700-Ib 15250-lb 16590-lb 19250-1b

N102 114204 M114AI 114198 XM(130-mm) FH70
Vehicle 0-33 >33-66 '66-100 0.33 '33-66 >66-100 0-353 33-66 >66-100 0-33 '33-66 >66-100 0-33 >33-66 >66-100 0-33 '33-66 166-100

Country D - Wet Condition

M561 77.0 21.9 1.2 90.2 9.0 0.9 100.0 0.0 0.0 100.0 0.0 0.0
M35A2 65.6 18.6 15.8 66.7 26.8 6.5 98.2 1.8 0.0 99.5 0.5 0.0 99.5 0.S 0.0 100.0 0.0 0.0
14813 59.0 25.0 16.0 83.5 8.9 7.6 83.6 15.4 1.0 88.4 10.6 1.0 98.5 1.5 0.0
14656 36.9 29.7 33.4 70.7 22.2 7.1 88.5 10.5 1.0 88.9 11.1 0.0 98.5 1.5 0.0
TtIW901 27.0 31.7 41.3 36.2 47.4 16.S 36.7 55.1 8.2 72.4 19.4 8.2 92.1 7.4 0.5
MS20EI 49.2 27.2 23.5 72.8 19.4 7.9 83.6 9.1 7.3 83.6 9.1 7.3 92.1 6.9 1.0
M125E1 49.4 37.6 13.0 49.8 37.7 12.5 77.9 20.6 1.5
NS48EI 56.7 8.7 34.6 56.7 15.1 28.2 71.1 16.9 12.0 71.8 22.1 6.0 71.8 26.9 1.2 94.2 5.0 0.8
JET 29.9 51.6 18.5 36.2 45.9 17.9 72.1 20.6 7.3

ASV 21.5 30.8 47.7 21.6 43.5 34.8 45.5 19.8 34.7 49.3 16.0 34.7 78.6 15.3 6.2
.Country 0 - Dry Condition

.XS61 77.0 21.9 1.2 90.2 9.0 0.9 100.0 0.0 0.0 100.0 0.0 0.0
N3SA2 65.6 18.6 15.8 66.7 26.8 6.5 98.2 1.8 0.0 99.5 0.5 0.0 99.5 0.5 0.0 100.0 .0.0 0.0
M813 58.1 25.9 16.0 83.5 8.9 7.6 83.6 15.4 1.0 86.1 12.9 1.0 98.5 1.5 0.0
1656 36.9 29.7 33.4 70.7 22.2 7.1 88.5 10.5 1.0 88.9 11.1 0.0 98.5 1.5 0.0
TD1W901 26.9 30.9 42.2 36.2 47.4 16.5 36.7 55.1 8.2 71.5 20.3 8.2 89.8 9.7 0.5
M52011 46.3 29.2 24.5 71.9 17.9 10.2 83.6 9.1 7.3 83.6 9.1 7.3 89.8 9.3 1.0

I2SEI 49.4 37.6 13.0 49.8 37.7 12.5 74.6 23.9 1.5
145E8 56.7 8.7 34.7 56.7 15.1 28.2 71.1 16.9 12.0 71.8 22.1 6.0 71.8 24.6 3.6 91.8 7.4 0.8
U8T 29.8 51.7 18.5 36.2 45.9 17.9 71.2 19.1 9.7
ASV 21.S 29.6 48.9 21.6 43.5 34.8 43.4 21.9 34.7 48.4 17.0 34.7 75.7 15.8 8.6

Country .1 - Wet Condition

M561 56.7 19.0 24.2 70.7 12.0 17.3 100.0 0.0 0.0 100.0 0.0 0.0
M35A2 41.3 19.3 39.3 43.4 31.9 24.7 75.3 21.7 3.0 94.5 5.3 0.2 96.0 3.8 0.2 99.7 0.3 0.0
1813 32.5 28.2 39.3 58.1 8.0 33.9 58.1 18.2 23.7 58.5 17.8 23.7 76.1 21.0 2.9
1656 25.0 15.8 59.2 49.5 14.1 36.4 58.7 17.7 23.6 58.7 38.3 3.0 76.2 23.8 0.0
TDW901 24.6 7.8 67.6 25.0 33.3 41.6 30.2 35.6 34.2 43.0 22.9 34.2 66.3 12.7 21.0
1S20E1 41.4 9.5 49.1 45.6 20.6 33.7 60.8 6.0 33.2 60.8 6.0 33.2 66.3 10.2 23.6
1125E1 38.8 26.6 34.6 38.8 27.0 34.2 46.5 29.5 23.9
1548EI 26.1 20.2 53.7 34.0 12.3 53.7 39.2 33.9 26.9 46.3 29.3 24.4 46.3 29.6 24.1 62.3 14.4 23.3
UET 27.8 26.9 45.3 27.8 27.1 45.1 39.3 27.4 33.3
ASV 14.3 21.2 64.5 22.6 13.7 63.6 29.1 12.4 58.4 29.6 12.1 58.3 45.7 14.7 39.7

Country E - Dry Condition

1461 52.7 23.0 24.3 57.8 18.4 23.9 99.9 0.1 0.0 99.9 0.1 0.0
1435A2 37.1 10.9 52.0 37.6 23.1 39.3 54.4 40.2 5.4 94.1 5.7 0.2 94.1 5.7 0.2 98.7 1.3 0.1
W813 28.2 19.7 S2.0 45.4 20.5 34.1 45.4 23.9 30.7 41.5 23.8 30.7 54.8 39.6 5.6
M656 20.9 14.1 65.0 45.4 18.1 36.6 46.0 23.3 30.7 46.0 48.6 5.4
TDW901 20.6 7.7 71.8 21.0 24.4 54.6 26.0 25.4 48.6 28.6 22.7 48.6 51.2 18.6 30.2
1420E1 28.6 5.9 65.6 31.2 20.0 48.8 48.0 18.2 33.8 48.0 18.2 33.8 51.2 18.1 30.7
M12513 26.0 24.9 49.1 26.1 24.8 49.0 .31.5 23.2 45.2
14548E1 25.5 16.6 57.9 33.9 8.4 57.8 34.9 23.8 41.2 42.2 33.2 24.5 42.2 33.2 24.5 45.8 30.1 23.7
UET 23.6 16.7 59.7 23.7 31.1 45.2 26.4 39.6 34.0
ASV 14.2 17.2 68.6 22.6 9.7 67.7 25.0 12.4 62.6 25.5 12.0 62.5 32.7 11.0 56.4

Country P - Wet Condition
M561 72.4 24.5 3.0 81.2 16.5 2.2 100.0 0.0 0.0 100.0 0.0 0.0
N3SA2 42.2 12.4 45.4 44.8 51.1 4.1 74.2 25.8 0.0 99.8 0.1 0.0 99.8 0.1 0.0 100.0 0.0 0.0
11813 23.1 31.0 46.0 51.6 18.9 29.5 54.1 21.4 24.5 54.3 21.2 24.5 73.8 26.1 0.1
146S6 21.0 21.1 57.9 42.7 27.7 29.6 54.3 21.3 24.4 54.3 4S.0 0.0 73.9 26.1 0.0
TDW901 20.8 2.4 76.7 21.7 29.9 48.4 21.9 44.4 33.7 32.3 34.1 33.7 69.0 6.7 24.4
MS20EI 30.6 19.0 50.4 35.0 34.0 31.0 54.2 16.4 29.4 54.2 16.4 29.4 69.0 6.6 24.4
1125E1 30.6 38.2 31.3 30.9 37.9 31.2 35.2 38.6 26.2
N548EI 47.7 23.4 28.9 48.0 23.4 28.6 48.8 46.8 4.S 71.7 25.2 3.0 71.7 25.3 3.0 95.5 2.0 2.5
UET 21.3 44.2 34.4 22.1 45.1 32.8 35.2 35.7 29.2
ASV 20.1 21.4 58.5 21.2 21.1 57.7 22.6 19.8 57.6 22.8 21.9 55.3 53.7 19.2 27.1

Country F - Dry Condition

3561 72.4 24.5 3.0 72.4 24.7 2.9 99.9 0.1 0.0 99.9 0.1 0.0
1,35A2 41.6 2.0 56.4 42.4 31.1 26.5 49.5 50.3 0.2 99.7 0.2 0.1 99.7 0.2 0.1 99.8 0.2 0.0
M1413 22.2 20.6 57.2 42.6 25.2 32.2 42.7 30.0 27.3 42.8 29.9 27.3 48.8 50.9 0.3

.84656 20.3 21.8 57.9 42.6 25.2 32.1 42.9 30.0 27.1 42.9 56.9 0.2 48.9 51.1 0.0
TDW901 20.7 2.2 77.1 21.4 21.2 57.3 21.6 22.4 55.9 22.9 21.2 55.9 44.0 28.9 27.1'
W620E1 20.8 3.4 75.9 22.9 21.1 56.0 42.6 25.2 32.2 42.6 25.2 32.2 44.0 28.8 27.2
M12S11- 21.0 23.0 56.1 21.7. 22.3 56.0 23.0 25.9 51.2
1548EI 45.8 24.8 29.S 46.1 25.2 28.7 46.3 27.2 26.5 71.7 25.2 3.1 71.7 25.2 3.0 72.9 24.1 3.0
UET 20.9 22.6 56.6 21.8 45.4 32.8 23.2 45.0 31.9
ASV 19.9 21.4 58.6 20.9 21.4 57.7 22.2 20.1 57.7 22.4 20.0 57.6 41.7 6.6 51.8
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Tahlo 4 (Concluded)

-- Percentage of Country v t 3nd Cated r -
Ileayoeight

Ligthtweight Artillery __ Medlum-We I ht_•• A e ___ ArtI erzy- __

3340-16 4775-lb 12700-lb 15250-lb 16590-lb 625"s- I b
, N02z XK204 M114A1 __ _____________

Vehicle O-3. 33-o o-.. u-3..3 33-66 66-16.U•0 0-33 >33-66 o66-100 661000-33 >33-66 66661-00 0.3-3 33-66 .66-100

Country G - Wet Condition

9561 3S.8 14.9 49.2 38.3 28.7 33.0 100.0 0.0 0.0 100.0 0.0 0.0
W5A2 6.2 30O.1 63.7 10.0 28.3 61.7 67.0 21.4 11.6 86.8 13.2 0.0 86.9 13.1 0,0 88.4 ll.6 0.0
M813 6.2 30.1 63.7 36.3 21.1 42.6 38.3 28.7 33.0 38.4 28.6 33.0 67.0 21.4 11.6
=4656 5.7 4.3 90,0 36.3 21.'1 42.6 S7.4 9.6 33.0 57.4 31.0 11.6 67.0 33.0 0O0
114801 2.7 3.5 93.8 5.8 32.5 61.7 6.2 51.2 42.6 10.0 47.3 42.6 S0.8 17.9 31.4
NS20E1 6.2 3.9 90.0 10.0 40.7 49.2 36.3 21.1 42.6 36.3 21 1 42.6 50.8 16.2 33.0
M1225E1 6.2 30.1 6,3,7 6.2 32.1 61.7 24.6 42.4 33.0
1548E1 0.0 2.7 97.3 0.0 5.7 94.3 5.7 0.4 93.0 5.7 12.6 61.7 5.7 45.0 49.2 24.1 33.2 42.6
UET 2.7 3.5 93.8 5.7 0.4 93.8 5.7 45.0 49.2
ASV 0.0 0.7 99.3 0.0 5.8 94.2 0.8 5.4 93.8 2.7 3.5 93.8 5.7 18.8 75.4

.Cmentry G - Dry Condition

1S61 35.8 2.7 61.4 36.3 24.5 39.2 100.0 0.0 0.0 100.0 0.0 0.0
M35AZ 6.2 30.1 63.7 8.9 27.4 63.7 60.8 26.1 13.1 86.8 13.2 0.0 86.9 13.1 0.0 86.9 13.1 0.0
1813 6.2 30.1 63.7 36.3 21.1 42.6 36.3 24.5 39.2 36.3 24.5 39.2 60.8 26.1 13.1
4656 5.7 3.2 91.1 36.3 21.1 42.6 57.4 3.4 39.2 57.4 29.5 13.1 60.8 39.2 0.0
TDO901 2.7 3.5 93.8 5.8 30.6 63.7 6.2 51.2 42.6 8.9 48.4 42.6 36.5 24.4 39.1
84S20E1 3.2 5.8 91.1 8.9 27.S 63.5 36.3 21.1 42.6 36.3 21.1 42.6 36.S 24.3 39.2
N12SEI 6.2 30.1 63.7 6,2 30.1 63.7 9.2 51.6 39.2
NS48Ei 0.0 2.7 97.3 0.0 5.7 94.3 5.7 0.4 93.8 5.7 30.6 63.7 5.7 32.7 61.5 8.8 48.6 42.6
1201 2.7 3.7 93.8 5.7 0.4 93.8 5.7 30.8 63.5
ASV 0.0 0.6 99.4 0.0 5.8 94.2 0.6 5.6 93.8 2.7 3.5 93.8 2.7 6.4 90,8

Country H - Wet Condition

14561 70.8 0.0 29.2 70.8 0.5 28.7 100.0 0.0 0.0 100.0 0.0 0.0
M35A2 70.8 0.0 29.2 70.8 0.5 28.7 71.3 28.5 0.2 99.8 0.2 0.0 99.8 0.2 0.0 99.8 0.2 0.0
1813 70.8 0.0 29.2 70.8 0.5 28.7 71.3 1.1 27.6 71.3 1.1 27.6 72.4 27.4 0.2
14656 70.8 0.0 29.2 70.8 0.5 28.7 71.3 1.1 27.6 71.3 28.5 0.2 72.4 27.6 0.0
11148901 70.8 0.0 29.2 70.8 0.0 29.2 70.8 0.0 29.2 70.8 0.0 29.2 72.4 0.0 27.6
14520E1 70.8 1.6 27.6 71.3 1.1 27.6 71.3 1.1 27.6 71.3 1.1 27.6 72.4 0.0 27.6
MI2EI 70.8 0.5 28.7 70.8 0.5 28.7 72.4 0.0 27.6

S48tE 0.0 70.8 29.2 0.0 70.8 29.2 70.8 0.0 29.2 70.8 0.0 29.2 70.8 0.0 29.2 72.4 0.0 27.6
UET 70.8 0.0 29.2 70.8 0.0 29.2 72.4 0.0 27.6
ASV 0.0 0.0 100.0 0.0 70.8 29.2 0.0 70.8 29.2 70.8 0.0 29.2 72.4 0.0 27.6

Country H - Dry Condition

1.561 70.8 0.0 29.2 70.8 0.5 28.7 100.0 0.0 0.0 100.0 0.0 0.0
N38A2 7.0.8 0.0 29.2 70.8 0.5 28.7 71.3 28.5 0.2 99.8 0.2 0.0 99.8 0.2 0.0 99.9 0.2 0.0
W813 70.8 0.0 29.2 70.8 0.5 28.7 71.3 1.1 27.6 71.3 1.1 27.6 72.4 27.4 0.2
14656 70.8 0.0 29.2 70.8 0.S 28.7 71.3 1.1 27.6 71.3 28.5 0.2 72.4 27.6 0.0
•1o901 70.8 0.0 29.2 70.8 0.0 29.2 70.8 0.0 29.2 70.8 0.0 29.2 72.4 0.0 27.6
1520EI 70.8 1.6 27.6 71.3 1.1 27.6 71.3 1.1 27.6 71.3 1.1 27.6 72.4 0.0 27.6
N12SE 70.8 0.5 28.7 70.8 0.S 28.7 72.4 0.0 27.6
M548EI - 0.0 70.8 29.2 0.0 70.8 29.2 70.8 0.0 29.2 70.8 0.0 29.2 72.4 0.0 27.6
UET 70.8 0.0 29,2 70.8 0.0 29.2 72.4 0.0 27.6
ASV 0.0 0.0 100.0 0.0 70.8 29.2 0.0 70.8 29.2 70.8 0.0 29.2 72.4 0.0 27.6

Country I - Wet Condition

1561 20.6 9.1 70.2 21.0 12.2 66.8 81.3 18.7 0.0 81.3 18.7 0.0
k3SA2 6.7 22.5 70.8 9,3 22.1 68.5 33.1 48.1 18.8 81.0 0.3 18.7 81.0 0.3 18.7 81.3 0.0 16.7
4813 6.4 14.3 79.3 20.6 11.5 67.9 31.4 1.9 66.7 31.4 1.9 66.7 33.2 48.1 18.8
4656 6.4 3.3 90.4 20.7 11.S 67.9 32.1 1.2 66,7 32.1 49.2 18.0 33.2 48.0 18.7

T114901 5.4 1.0 93.5 6.4 14.6 79.0 6.5 15.2 78.3 9.4 20.8 69.8 23.2 10.4 66.4
N520EI S.4 6.0 88.6 11.3 11.9 76.8 22.6 1.1 76.3 22.6 9.6 67.8 23.2 10.1 66.7
1125EI 6.3 24.8 68.9 6.4 25.1 68.5 11.8 21.4 66.8

1548E1 1.0 23.6 75.4 19.8 5.1 75.2 24.8 0.7 74.5 24.8 15.0 60.2 24.8 15.1 60.0 30.8 11.6 57.5
1LOT 24.2 0.4 75.4 24.5 1.0 74.4 26.6 15.3 58.0
ASV 1.0 19.5 79.5 20.1 4.5 75.5 20.5 4.3 75.2 24.2 0.6 75.2 26,4 4.4 69.2

Country I - Dry Condition

9561 20.6 9.0 70.4 20.6 9.6 69.8 81,3 18.7 0.0 81.3 18.7 0.0
1435A2 6.7 22.5 70.9 6.4 22.8 70.8 30.1 50.8 19.1 80.9 0.4 18.7 80.9 0.4 18.7 80.9 0.3 18.7
P4813 6.4 14.3 79.4 20.6 9.6 69.8 29.1 1.1 69.8 29.1 1.1 69.8 30.1 50.8 19.1
4656 6,4 0.4 93.2 20.6 9.6 69.8 30.2 0.1 69.8 30.2 50.8 19.1 30.2 51.1 18.7

TDOMI0 5.4 1.0 93.S 6.4 14.3 79.3 6.5 15.2 78.4 6.5 23.7 69.8 20.7 9.6 69.8
8S20E0 S.4 1.0 93.5 6.4 14.3 79.3 20.7 1.0 78.3 20.7 9.0 69.8 20.7 9.5 69.8
84125E1 6.3 22.8 70.9 6.4 22.8 70.8 6.4 23.8 69.8
1548E1 1.0 23.6 75.4 19.8 S.1 75.2 24.8 0.7 74.5 24.8 14.7 60.5 24.8 15.0 60.1 25.5 15.0 59.5
U1T 24.2 0.3 75.5 24.5 1.0 74.4 24.5 15.0 60.5
ASV 1.0 19.1 79.9 20.1 4.5 75.5 20.1 4.8 75.2 24.2 0.6 75.2 24.3. 1.2 74.5
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Table 5

Performance Predictions for Self-Propelled Artillery and Reference Vehicles

in the Countries Described by Generalized Terrain Data

Percentage of Country with Indicated Probability of GO
Wet Condition Dry Condition

Vehicle 0-33 >33-66 >66-100 0-33 >33-66 >66-100

Country A
Self-propelled artillery

MlO9AI 1.4 4.1 94.5 0.0 2.5 97.5
M107 0.0 3.8 96.2 0.0 0.1 99.9
M14OE2 1.4 3.1 95.4 0.0 2.3 97.7

Other vehicles
1113A1 2.6 15.2 82.2 2.3 13.7 84.0
1460A2 0.0 3.8 96.2 0.0 0.0 100.0
1S48EI 1.5 1.8 96.7 0.0 2.3 97.7
M577AI 4.4 7.6 88.0 2.3 1.2 96.5
XM723 1.4 1.9 96.7 0.0 2.3 97.7
XMI 0.0 4.5 95.5 0.0 0.2 99.8
ASV 1.4 1.9 96.7 0.0 2.3 97.7
M561 7.3 21.2 71.5 3.3 1.2 95.5
M813 28.2 13.8 57.9 4.2 3.6 92.2
UET 0.0 2.7 97.3 0.0 0.0 100.0

Country B
Self-propelled artillery

M109A1 20.6 47.8 31.6 0.1 22.1 77.8
M107 0.2 66.9 32.8 0.1 0.6 99.3
M410E2 20.6 47.5 32.0 0.1 21.7 78.2

Other vehicles
M113AI 21.5 S0.4 28.1 21.5 3.6 74.8
M60A2 0.2 67.0 32.8 0.1 0.4 99.5
M548E1 20.6 47.5 32.0 0.0 21.7 78.3
MS77A1 24.1 46.7 29.2 21.3 3.1 7S.6
X14723 20.6 45.3' 34.2 0.0 21.5 78.5
XM14 0.2 66.9 32.8 0.1 0.4 99.5
ASV 20.6 47.5 32.0 0.0 21.7 78.3
M561 86.2 2.7 11.2 75.2 1.4 23.4
M813 87.3 1.6 11.1 76.0 4.1 19.9
UET 0.2 67.3 32.5 0.1 0.8 99.1

Country C

Self-propelled artillery
M109 0.0 0.0 100.0 0.0 0.0 100.0
M107 0.0 0.0 100.0 0.0 0.0 100.0
M41OE2 0.0 0.0 100.0 0.0 0.0 100.0

Other Vehicles
M113AI 0.0 0.1 99.9 0.0 0.1 99.9
M60A2 0.0 0.0 100.0 .0.0 0.0 100.0
M548E1 0.0 0.0 100.0 0.0 0.0 100.0
MS77A1 0.0 0..0 100.0 0.0 0.0 100.0
XK723 0.0 0.0 100.0 0.0 0.0 100.0
X11 0.0 0.0 100.0 0.0 0.0 100.0
ASV 0.0 0.0 100.0 0.0 0.0 100.0
M561 7.9 27.3 64.7 7.9 14.6 77.S
14813 13.2 23.7 63.0 9.0 14.8 76.2
UtT 0.0 0.0 100.0 0.0 0.0 100.0

(Continued)
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Table 5 (Continued)

Percentage of Country with Indicated Probability of GO
Wet Condition Dry Condition

Vehicle 0-33 >33-66 >66-100 0-33 >33-66 >66-1(P)

Country D

SeIf- ropelled artillery
M109A1 21.5 0.4 78.1 21.5 0.4 78.1
M107 21.5 0.0 78.5 21.5 0.0 78.5
Mll0E2 21.5 0.0 78.5 21.5 0.0 78.5

Other vehicles
M113A1 57.1 3.3 39.6 57.1 3.3 39.6
M60A2 21.5 22.5 56.1 21.5 21.6 56.9
14S48EI 56.5 0.6 42.9 56.5 0.6 42.9
MS77AI 57.0 0.5 42.5 57.0 0.5 42.5
XM723 50.5 0.2 49.3 50.5 0.2 49.3
XMI 21.4 22.5 56.1 21.4 21.6 56.9
MS61 65.5 22.5 12.0 65.5 22.5 12.0
M813 43.4 32.9 23.7 43.4 32.0 24.6
UET 21.5 3.2 75.4 21.5 3.2 75.4

Country E

Self-propelled artillery
M109A1 14.3 4.6 81.0 14.1 0.6 85.3
M107 11.6 7.1 81.3 11.6 3.1 85.3
MI10E2 11.6 7.1 81.3 11.6 3.1 85.3

Other vehicles
M113A1 32.9 12.9 54.2 32.9 8.8 58.2
M60A2 11.6 9.4 79.0 11.6 5.3 83.1
M548EI 23.0 22.3 54.7 22.9 18.4 58.7
M577AI 40.9 4.5 54.6 40.7 0.6 S8.7
X1723 20.2 11.1 68.7 20.2 11.1 68.7
XM1 11.6 9.3 79.1 11.6 5.0 83.3
ASV 11.6 9.6 78.8 11.6 5.3 83.1
MS61 46.0 18.3 35.7 41.9 7.9 50.1

M813 38.8 11.4 49.8 26.1 8.0 65.9
UET 14.5 4.7 80.0 14.5 0.6 85.0

Country F
Self-propelled atillery

4109A1 20.2 0.9 78.8 20.1 0.6 79.3
M107 19.9 1.1 79.0 19.9 0.8 79.3
NllOE2 19.9 1.1 79.0 19.9 0.8 79.3

Other Vehicles
M113AI 70.2 1.4 28.4 70.2 1.4 28.4
M60A2 19.9 2.4 77.6 19.9 2.0 78.0
1548E1 47.2 23.1 29.6 45.3 25.0 29.6
M577AI 70.0 0.7 29.3 69.9 0.6 29.6
XM723 40.6 3.1 56.3 40.6 0.9 58.5
894 20.3 1.9 77.7 20.0 1.8 78.2
ASV 19.9 2.4 77.6 19.9 2.0 78.0
4561 71.3 23.S 5.2 71.2 1.5 27.2

M813 30,8 16.2 S3.1 21.6 2.6 75.8
UET 20.4 0.9 78.8 20.3 0.5 79.2

(Continued)
(Sheet 2 of 3)



Table S (Concluded)

Percentage of Country with Indicate Probability of GOWet Condition 
Ur ndVehicle 0-33 33-6._6 66-1 O-3._3 ,33-66 >66-100

Self-propelled artillery
M109AI 0,0 0.0 200,0 0.0 0.0 100.0M107 0.0 0.0 100.0 0.0 0.0 100.0M110E2 0.0 0.0 100.0 0.0 0.0 100.0

Other vahicles 100.0M113AI 0.0 0.0 100.0 0.0 0.0 100.0P60A2 0.0 0.0 100.0 0.0 0.0 I00.00.0 0.0 100.0 0.0 0.0 100.0H577AI 0.0 0.0 100.0 0.0 0.0 100.0X14723 0.0 0.0 100.0 0.0 0.0 100.0xMI 0.0 0.0 100.0 0.0 0.0 100.0ASV 0.0 0.0 100.0 0.0 0.0 100.0M861 2.7 3.S 93.8 2.7 3.5 93.84813 3.1 6.9 90.0 3.1 5.8 91.1UET 0.0 0.0 100.0 0.0 0.0 100.0

Self-Propelled artillery
M109Ai 0.0 0.0 100.0 0.0 0.0 100.04107 0.0 0.0 100.0 0.0 0.0 100.0Ml1OE2 0.0 0.0 100.0 0.0 0.0

Other vehicles 100.0M113AI 0.0 0.0 100.0 0.0 0.0 100.01460A2 0.0 0.0 100.0 0.0 0.0 100.0?548E1 0.0 0.0 100.0 0.0 0.0 100.00S77AI 0.0 0.0 100.0 0.0 0.0 100.0XM723 0.0 0.0 100.0 0.0 0.0 100.0XM7 0.0 0.0 100.0 0.0 0.0 100.0ASV 0.0 0.0 100.0 0.0 0.0 100.0ASV 0.0 0.0 100.0 0.0 0.0 100.0
M561 70.8 0.0 29.2 70.8 0.0 29.2M4813 70.8 0.0 29.2 70.8 0.0 29.2
UET 0.0 0.0 100.0 0.0 0.0 100.0

Self-propelled artillery

M109A1 0.1 19.6 80.2 0.1 19.6 80.2M107 0.1 19.6 80.2 0.1 19.6 80.2MIIOE2 0.1 19.6 80.2 0.1 19.6 80.2
Other vehiclesM113A1 20.1 0.3 79.6 20.1 0.3 79.6N60A2 0.1 19.6 80.2 0.1 19.6 80.2M548EI 1.0 "19.1 79.9 1.0 19.1 79.94S77Al 1.3 18.8 79.9 1.3 18.8 79.9XM723 1.0 18.8 80.2 1.0 18.8 80.2A1S 0.0 1.0 99.0 0.0 1.0 99.0ASV 0.1 19.6 80.2 0.1 19.6 80.21S61 5.7 1.0 93.2 5.7 1.0 93.24813 6.1 3.2 90.6 6.1 0.4 93.5UET 18.9 1.2 79.9 18.9 1.2 79.9
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Table 6

V90 Off-Road Performance Indices for Prime Mover-Towed Artillery Conbinationa

in the HINO Study Areas

V90 Speed , mph

}lel/c. yuc 9.5
Lightweight Artillery Medium-Weight Artillery Artillvr-,?

3340-lb 4775-lb 12700-lb 15250- b 16590 -1b -19250-lb
Prime Mover M4102 XM204 14IA X4198 X4( 130-n•m) F11I70

West Germany - Wet Condition

11561 5.4 2.7 0.S
1435A2 10.9 10.8 2.0
[4813 9.6 83. 6.S 6.2 ).1
4656 1 1.3 * 3.4
T0W901 10.6 9.3 8.7 8.4 1. 1
M4S20E1 6.6 * 5,7 0.1
M4125E1 * 8.1
.454E I t 3.5 * 3.5 * 0.1
UET¢t * 10.0 0.1
ASV 11.2 10.1 * OA

West Germany - Snow Condition

M4S61 10.7 2.2 0.2
M35A2 1.3 1.0 * 0.1
M813 2.8 0.6 O.S 0.4 0.3
14656 11.2 1.7
TDN901 11.1 9.8 9.1 8.9 8.6
MS20E) 6.6 * 5.7 * 5.5
M412E5l I 1.4
[454BE1 1 11.6 10.4 10.3
UETtt 12.7 12.5
ASV 14.7 13.9 13.7

Mid-East - Wet Condition
M4561 1.2 1.0 0.5
M3SA2 1.8 1.8 * 1.2
X4813 3.9 3.8 1.8 3.4 0.1
1656 2.S 1.5 ."
TDW901 10.3 9.3 8.6 8.3 01.1
K520E1 5.4 4.9 .1
M412SE1 * 5.8
M548El t 2.6 * 2.6 0.1
UETt* 5.4 (. I
ASV 11.5 10.5 0.1

Mid-East - Sand Condition

M4561 0.2 0.1 0.1
M3SA2 0.1 0.1 0.1
14813 0.1 0.1 0.1 0.1 0.1 0.1
14656 0.2 0.1
TDW9OI 0.S 0.2 0.1 0.1 9.1
S2OE81 0.6 * 0.1 0.1

M[12SEI 0.1
MS48EI t 3.1 1.8 0.8
UETt1 0 4.8 5.1
ASV 9.1 * .97.4

Performance predictions not made for indicated prime mover-MIl4Al and prime mover-XM(130-m=) on detailed terrain data in
order to reduce cost, but vehicle performance should be very similar to performance for prime mover-XM-198.

** Performance predictions not made for prime mover-FH70 on detailed terrain data in order to reduce cost, but performance
should be very similar to performance of [4813-FH70.

t Performance predictions not made for M548EI-M4102 on detailed terrain data in order to reduce cost, but performance should be
very similar to performance for the M4548EI-XK204.

tt Values of V9 0 were computed using 0.5 mph for obstacle NOGO to allow for advantages of the UET's earthmoving capabilities.
NMT: When no performance data or explanation given, prime mover-towed artillery combination was not evaluated.
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Table 10

Percent N=O for Prime Mover-Towed Artillery Combinations on Primary and Secondary Roads

and Trails in the HIND) Study Areas

s NOGO

Heavyweight
Lightweight Artillery Medium-Weight Artillery Artillery

3340-lb 4775-lb 12700-lb 1S2S0-lb 16S90-1b 19250-lb
M102 X)4204 MI14AI. XM198 XI(130-mm) F:70

Secondary Secondary Secondary Secondary Secondary S "condary
Prime Mover Roads Trails Roads Trails Roads Trails Roads Trails Roads Trails Roads Trail,

West Germany - Wet Condition

M561 0 0 0 1.5 0 8.6
)3SA2 0 0 0 0 0 4.4 1 t
MR13 0 1.5 0 1.5 0 1.5 0 1.5 0 96.2
M656 0 0 C 0 1.S " ""TDV901 0 0 0 0 0 0 0 1.5 0 96.2
1S20EI 0 1.S " 0 1.5 0
M12SEI5 0 1.5 t a
14548EI tt Ot 0 0 0 0 0 96.2
UET 0 0 0 96.2
ASV 0 0 0 0 0 9hm.

West Germany - Snow Condition

MS61 0 0 0.4 0.5 32.1 44.5
H30A2 1.3 1.5 2.9 4,7 " 39.4 S4.8 " "
H813 0.4 0.5 S.2 6.1 6.1 6.5 6.S 7.0 18.1 25.,
4656 0 0. 1.3 1.S *t
TDW9OI 0 0 0 0 0 0 0 0 0 0
M020EI 0 0 0 0 0 0
H1251EI 1.3 1.S t t
N548EI It t+ 0 0 0 0 0 0
UET 0 0 0 0
ASV 0 0 0 0 0 0

Mid-East - Wet Condition

MS61 0 1.4 0 7.2 0 14.7
H35A2 0 0 0 0.1 * 0 8.2 " t
14813 0 0 0 0.1 0 0.1 0 0.1 0 98.7
14656 0 0.1 " 0 7.2 t t
TDW901 0 0 0 0.1 0 0.1 0 0.1 0 98.7
H520E1 0 0 0 0.1 0 98.7
42SE001 0 0 ± t
K4548EI 5t 1+ 0 0.1 0 0.1 0 98.7
UET 0 0.1 0 98.7
ASV 0 0.1 t* 0 0.1 0 98.7

Mid-East - Sand Condition

1561 0 29.S 0 29.5 0 100.0
H3SA2 0 49.3 0 49.3 0 99.6 t t
1813 0 49.3 0 99.6 0 99.6 0 99.6 0 100.0
M656 0 29.5 - 0 99.6 t +
TDW901 0 15.S 0 20.3 0 99.6 0 99.6 0 99.6
XS20EI 0 14.7 ** 0 10.5 0 100.0
M125EI 0 99.6 8 t
M54BE1 nt tt 0 0 0 1.8 0 8.2
UET "0! 0 0 0 0
ASV 0 0 0 0 0 0

"The 14561-XD498 had 19.1 percent NOGO and the M35A2-M4198 had 22.3 percent NOGO on primary roads in West Germany with snow
condition. No other prime mover-towed artillery combination had any NO00 on primary roads.
Performance predictions not made for indicated prime mover-MHI4Al and prime mover-XW9130.-m) on detailed terrain data in order to.

to ice cost, but vehicle performance should be very similar to performance for prime mover-X0198.
t Performance predictions not made for prime mover-FH70 on detailed terrain data in order to reduce cost, but performance

should be very similar to performance of 14813-FH70 and TD*90-F1470.
tt Performance predictions not made for MS48El-NI02 on detailed terrain data in order to reduce cost, but performance should be

very similar to performance for the N148EI-9)4204.

NOTE: When no performance data or explanation given, prime mover-towed artillery combination was not evaluated.



Table 11

Percent NOGO on Primary and Secondary Roads* and Trails for Self-
Propelled and Reference Vehicles in the 11TMb Study Areas

Trails**
West Germany Mid-East

Vehicles Wet Condition Wet Condition

Self-propelled artillery
M1O9AI 0.0 0.1
M107 0.0 0.1
MllOE2 0.0 0.1

Reference vehicles
M113AI 0.0 1.4
M60A2 0.0 0.1
M548E1 0.0 0.1
M577AI 0.0 0.1
XM723 0.5 1.8
Xt1 0.0 0.0
ASV 0.0 0.1
M561 0.0 0.0
M813 1.5 0.0
UET 0.0 0.1

All self-propelled and reference vehicles were GO on 100 percent
of primary and secondary roads in West Germany for both wet and
snow conditions and in the Mid-East for both wet and sand conditions.

** All self-propelled and reference vehicles were GO on trails in
West Germany snow condition, and all were GO on Mid-East sand con-
dition except the M813 with 32.5 percent NOGO and M561 with 20.3
percent NOGO.



Tahle 12

PVrcent NOO for Prime Mover-.Towed Artiller Combinations in Offt-Rad
S.. .... .. ... .... c-'ra1 n• thc iIN_.tu.dp•Z Arc.s

LiTti Ilavyweiggt
Medium-Weiiht Artillery Artillery

12700-lb 15250-lb 1690-lb 19250-lb
Prime Mover M102 XM204 M114AI XM198 XM(130-mm) FH70

West Germany - Wet Condition
M561 10.9 11.9 26.3 *
M35A2 8.6 8.6 * 13.4 * **

M813 8.9 9.6 10.2 9.8 82.7
14656 7.8 * 11.6 * **

TDW901 5.1 5.3 6.0 6.5 81.1
M520EI 3.8 * 4.7 * 81.0
MI125E1 * 8.6 **

M1548E1 + 11.7 * 11.7 * 80.6
UET * 8.8 79.7
ASV 6.2 * 6.2 * 78.9

V'est Germany Snow Condition

M561 9.2 13.1 66.3 *
M35A2 15.5 18.0 * 79.5 * **

M813 11.9 24.1 26.4 30.1 43.6
M656 7.8 13.5 * **

TDW901 4.9 5.0 5.1 5.0 5.0
M520EI 3.1 * 3.2 * 2.5
M125EI * 13.8 **

MS48EI t 9.5 * 9.5 * 9.5
UET * 8.0 7.8
ASV 3.9 * 3.9 * 3.9

Mid-East - Wet Condition

M561 16.9 17.7 26.9 *
M35A2 13.9 13.9 * 16.1 * **

M813 10.9 10.9 13.8 11.1 85.3
M656 12.7 * 15.0 * **

TDW901 2.2 2.4 2.4 2.4 83.7
M520E1 1.4 * 1.4 * 83.7
M12SE1 * 10.2 **

MS48EI 12.5 * 12.5 * 83.7
UET * 13.8 83.6
ASV 2.7 * 2.7 * 83.0

Mid-East - Sand Condition

M561 65.7 79.3 96.6
M35A2 81.1 85.1 * 96.3 * **

M813 81.5 95.6 96.4 96.3 96.6
M656 49.2 * 84.9 * **

TDW901 28,9 61.6 84.2 91.3 96.4
M520E1 23.4 * 77.0 * 96.6
M125E1 * 90.7 **

M548E1 t 11.8 * 13.6 * 19.7
UET * 13.4 12.7
ASV 1.2 * 1.2 * 1.2

* Performance predictions not made for indicated prime mover-M114A1 and prime.
mover-XM(130-nm) on detailed terrain data in order to reduce cost, but vehicle!
performance should be very similar to performance for prime mover-XM198.

•* Performance predictions not made for prime mover-FH70 on detailed terrain data
in order to reduce cost but performance should be very similar to performance of
M813-FH70 and TDW9OI-FH7O.

t Performance predictions not made for M548EI-M102 on detailed terrain data in
order to reduce cost, but performance should be very similar to performance for
the M548E1-XM204.

NOTE: When no performance data or explanation given, prime mover-towed artillery
combination were not evaluated



Table 13

Percent NOGO for Self-Propelled Artillery and Reference

Vehicles in Off-Road Terrain in the HIMO Study Areas

West Germany Mid-East
Wet Snow Wet Sand

Vehicle Condition Condition Condition Condition

Self-propelled artillery
"M109AI 2.6 .1.6 0.8 0.0
M107 4.6 3.2 6.6 6.3
M11OE2 2.0 1.6 0.8 0.5

Reference vehicles
M113AI 8.7 6.6 13.9 9.1
M60A2 0.5 2.9 9.3 0.5
M548E1 11.7 9.5 12.5 11.8
M577A1 8.8 6.6 14.6 10.3
XM723 5.4 2.4 7.9 1.2
XM1 3.1 2.3 4.0 4.0
ASV 6.2 3.9 2.7 1.2
MS61 9.2 9.2 16.3 42.6
M813 8.0 7.8 10.0 62.9
UET 6.5 5.0 9.7 9.7
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Table 16

Percentage of the Total Time for Traversing Links That Prime Mover-

Towed Artillery Combinations Spent Crossing Linear Features in the HIMO Study Areas

• Time., min

Lightweight Heavyweight
Artillery Medium-Weight Artillery Artillery

33401b 47 -lb 12700-lb 15250-lb 16590-lb -9250-lb
Prime Mover M102 XM204 Ml14AI XN198 XM(130 mm) FH70

West Germany - Wet Condition

4M561 54.8 52.6 39.0 *

M35A2 51.6 50.3 * 44.1 * **

M813 48.1 46.5 45.7 45.8 28.2
M656 59.6 * 46.8 * **

TDW901 65.4 57.3 52.3 49.4 28.2
5M520E1 49.1 * 47.5 * 28.1

MI25E1 * 47.7 **
1S48E1 45.2 * 44.5 * 23.7
UET * 50.6 .23.8
ASV 58.4 * 57.4 * 24.1

West Germany -Snow Condition

M561 57.9 53.5 31.4 *

M35A2 51.9 49.3 * 29.5 **

M813 53.4 45.4 42.9 39.6 34.2
4656 61.2 * 52.8 * **

TDW901 67.7 66.1 65.2 64.8 64.4
M520E1 63.3 * 61.1 * 60.6
M125EI * 51.1 50.1
M548EI 49.6 * 50.1 * 56.8
UET * 57.0 56.0
ASV 67.6 * 67.4 * 67.3

Mid-East - Wet Condition

M561 3.0 2.7 2.4 *

M3SA2 3.4 3.5 * 3.2 * **

M813 1.6 .1.6 1.5 1.7 0.5
M656 2.1 * 1.7 * **

TDW901 7.3 7.4 6.8 6.8 1.1
M520E1 2.5 * 2.3 * 0.5
M12SE1 2.3
MS48E1 t 2.4 * 2.6 * 0.6
UET 12.5 3.9
ASV 28.4 * 28.2 * 3.9

Mid-East - Sand Condition

M56i 0.5 0.5 0.5 *

M35A2 0.5 0.5 * 0.5 * **
M813 0.5 0.5 0.5 0.5 0.5
M656 0.6 * 0.5 * **

TDW901 1.0 0.5 0.5 0.5 0.5
M4520E1 1.1 0.5 0.5 * O.5
M1258I * 0.5 **

M548E1 0.5 * 0.4 * 0.3
UET * 11.7 12.0
ASV 25.9 * 23.9 * 22.9

• Performance predictions not made for indicated prime mover-Ml14Ai and prime
mover-X19130-mm) on detailed terrain data in order to reduce cost, but vehicle per-
formance should be very similar to performance for prime nover-XN198.
Performance predictions not made for prime mover-FH70 on detailed terrain data in

order to reduce cost, but performance should be very similar to performance of
M813-FH70 and TDW901-FH70.

t. Performance predictions not made for M548E1-M102 on detailed terrain data in order
to reduce cost, but performance should be very similar to performance for the
M548EI-XM204.

NOTE: When no performance data or explanation given, prime mover-towed artillery
combination was not evaluated.



Table 17

Percentage of the Total Time for Traversing Links That Spent Crossing

Linear Features Self-Propelled Artillery and Reference Vehicles

in the HIMO Study Areas

Time, min.
West Germany Mid-East

Wet Snow Wet Sand
Vehicles Condition Condition Condition Condition

Self-propelled artillery
M109AI 62.7 73.8 4.8 1.7
M107 58.6 67.8 0.9 0.7
MllOE2 62.0 73.1 4.3 1.0

Reference vehicles
MI3AI 50.2 58.6 6.1 5.2
M60A2 39.6 51.9 2.8 0.8
M548EI 26.9 31.0 2.6 0.6
M577AI 50.3 58.6 5.5 1.6
XM723 57.1 71.4 2.5 1.1
XMI 66.2 76.7 3.1 2.1
ASV 56.6 68.1 3.6 1.5
M561 45.2 45.5 3.2 0.7
M813 38.7 47.4 2.1 0.5
UET 53.2 62.7 19.3 16.6

4
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Table 19

High and HiLh-High Levels of Tactical Mobility Performance of Prime Mover-Towed Artillery

Combinations in the HIMO Study Areas

Average Speed. mph, for Specified Tactical Mobility Levels
Heavyweight

Lightweight Artillery Medium-Weight Artillery Artillery
3 40-lb 4775-lb 12700-Ib 1520•-lb 16190-lb 19250-lb
M102 X14204 MI14AI X4198 Xl•(130-m) FH70

Prime Mover High High-High High High-High Hig High-Highgh ýh g-Hg High High-High High High-High

West Germany - Wet Condition

M561 5.9 0.6 3.1 0.5 '0.7 0.2
1435A2 10.8 0.7 10.8 0.7 " 2.4 0.5
M813 8.7 0.7 7.9 0.6 6.6 0.6 6.3 0.6 0.1 0.1
M656 10.5 0.8 3.9 0.5
TDMOI 9.3 1.0 8.5 1.0 8.2 0.9 7.4 0.9 01 O.1
M52091 6.3 1.2 5.6 1.0 0.1 0.1
1412SE1 * 7.5 0.7
X548EI t t 4.3 0.6 C C 4.3 0.6 A* 01 0.1
U•Ttt 9.8 2.6 0.1 0.1
ASV 10.7 1.1 * 9.8 0.9 C 0.1 0.1

West Germany - Snow Condition

NS61 9.5 0.6 2.5 0.5 0.2 0.1
M35A2 1.S 0.4 1.1 0.3 0 0 0.1 0.1
14813 2.9 0.5 0,7 0.3 0.6 0.3 0.5 0.0 0.3 0.1

M656 9.7 0.7 * 2.1 0.5
TOW9oI 9.1 1.0 8.1 1.0 7.7 1.0 7.5 1.0 7.3 1.0
14520E8 6.0 1.3 5.2 1.2 5,0 1.4
M125E1 * 1.5 0.0
14548EI t t 11.0 0.7 * C 10.0 0.7 9.9 01.7
UETtt 11.3 2.7 11.1 2.7
ASV 12.4 1.3 C C 11.8 1.3 11.7 1.3

Mid-East - Wet Condition

M561 1.9 0.6 1.2 0.5 0.6 0.1 C

M35A2 3.2 0.7 3.1 0.7 C C 1.3 0.6 C "
1813 5.9 0.8 5.7 0.8 3.1 0.7 5.1 0.8 0.1 0.1
4656 3.4 0.7 C C 1.4 0.6 0 C "
TDW90I 7.2 2.9 6.7 2.6 6.3 2.5 6.2 2.5 0.1 0.1
1S20E1 5.0 2.7 * 4.6 2.S * 0.1 0.1
M12CEI 5.5 0.9

K .548EI t" 4.2 0.8 C C " 4.2 0.7 C C 0.1 O.A

UETt+ C 7,4 2.4 0.1 0.1
ASV 11.8 3.3 C C 11.1 2.1 C * 0.1 0.1

Mid-East - Sand Condition

M561 0.3 0.2 0.2 0.1 0.1 0.1 *
14SA2 0.1 0.1 0.1 0.1 C C 0.1 0.1 C C

1813 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
34656 0.3 0.2 C C 0.1 0.1 - I* CC

TDW901 0.6 0,3 0.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1
520EI 0. ,4 0.2 0.1 * 0 0.1 0.1

M125E1 0.1 0,1
1548EI t" 4.8 0.8 C C 2.4 0.7 1.0 0.5
UETII * , 6.2 2.3 6.2 2.3
ASV 9.0 3.3 0 7.8 3.1 C C 7.3 3.0

* Performance predictions not made for indicated prime mover-Mll4Al and prime mover-MN(130-mm) or. detailed terrain data in order

to reduce cost, but vehicle performance should be very similar to performance for prime mover-)N198.
C Performance predictions not made for prime mover-FH70 on detailed terrain data in order ko reduce cost, but performance should

be very similar to performance of M813-FH70.
t Performance predictions not made for 1S48EI-MI02 on detailed terrain data in order to reduce cost, but performance should be
very similar to performance for the 1S48EI-)14204.

tt High and high-high rating speeds were computed using 0.5 mph for obstacle NOGO to allow for advantages of the UET's iarthmovlng
capabilities.

NOTE: WIlLS study definitioua in Table 18.
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T'abl 21

Coqa0mrLoon of Pvrfurmnce of [ndividual Vehicles and Selected Vehicle Grjopj on Primay

R.oade.,Secondary RoadmL Trails and Off-Road in the HIMO Study Area.

Not Condition Snow or Sand Condition
Vehicles CVehicles
Traveling Vehicle Group Traveling Vehicle GroupIndependently Traveling Together Inde ndetly Traveling Togethere NOY6 Speed** -- 0O Distancet Spee"NOO Speed NOCO Distan-erVehicle Groups m % Mph ___ mph N___ ____

West Germany - Primary Roads
Group 1 22.9 0 22.9 0M109Al 22.9 0 92.0 22.9 0 82.0M548EI 26.3 0 5.0 26.2 0 9.0MS77Al 26.4 0 13.0 26.5 0 27.0
Group 2 24.6 0 7.4 0M813-X4198 24.6 0 92.0 7.4 0 87.0M561 29.7 0 15.0 22.9 0 15.0
Group 3 25.1 0 25.1 0M548E1-XM198 25.1 0 92.0 25.1 0 79.0NS77AI 26.4 0 15.0 26.5 0 29.0Group 4 25.1 0 22.8 0M548EI-XM198 25.1 0 92.0 25.1 0 20.0R561 29.7 0 15.0 22.9 0 88.0

West Germany - Secondary Roads
Group 1 20.3 0 18.8 0M109AI 20.5 0 55.0 18.9 0 62.0MS48E1 22.4 0 41.0 20.1 0 40.0M577A1 24.0 0 29.0 20.9 0 20.0Group 2 19.6 0 1.3 6.1M813-XM198 20.2 0 60.0 1.3 6.1 98.0M561 24.4 0 53.0 19.1 0 6.0
Group 3 19.4 0 18.7 0MS48EI-XM198 19.4 0 84.0 18.7. 0 66.0MS77A1 24.0 0 28.0 20.9 0 45.0
Group 4 19.4 0 18.0 0M548E1-X04198 19.4 0 84.0 18.7 0 60.0k561 24.4 0 28.0 19.1 0 51.0

West Germany - Trails
Group 1 11.2 0 

11.81409A1 13.6 0 26.0 *15.1 0 18.04548E1 11.6 0 84.0 11.9 0 93.0K577AI 13.9 0 11.0 14.4 0 11.0Group 2 3.8 1.5 1.2 6.5M813-XMI98 3.9 1.S 27.0 1.2 6.5 72.0M561 9.1 0 81.0 9.1 0 32.0
Group 3 10.2 0 11.6 0M548EI-XM198 10.2 0 100.0 11.6 0 100.0M577AI 13.9 0 10.0 14.4 0 11.0Group 4 8.2 0 8.9 0k548EI-X14198 10.2 0 45.0 11.6 0 32.0M561 9.1 0 64.0 9.1 0 76.0

West Germany - Off-Road
Group 1 3.0 12.1 11.7 9.7M109AI 11.1 2.6 43.0 14.1 . 1.6 44.0MS48E1 3.5 11.7 55.0 12.4 9.5 62.0M577AI 11.4 8.8 25.0 14.4 6.6 17.0
Group 2 3.9 11.1 

0.5 27.1M813-XM4198 6.5 10.2 80.0 0.5 26.4 93.0M561 11.8 9.2 32.0 12.4 9.2 18.0Group 3 3.3 11.7 10.4 9.5M548EI-XM198 3.5 11.7 70.0 10.4 9.5 91.0M577AI 11.4 8.8 39.0 14.4 6.6 19.0Group 4 3.2 11.7 
6.1 10.6M548EI-XM4198 3.5 11.7 75.0 10.2 9.5 70.0P561 11.8 9.2 36.0 12.4 9.2 43.0

(Continued)

* West Germany - snow; Mid-East - sand.
Speed of vehicle on primary and secondary roads a"d trails is V1 0 0 , And off-road is V9 0 .

t Percentage of total traverse limited by indicated vehicle. (Sheet I of 2)



Tahle 21 (Concluded)

Wet Condition Snow or Sand Condition*
Vehicles Vehicles

Traveling Vehicle Group Traveling Vehicle Group
Independently Traveling Together Independently Traveling Together
Spe@ed* NO9O Speed** NOGO Distancet Speed** NOGO Speed NOGO Distance+

Vehicle Groups mph _ mph _ mph m ph %

Mid-East - Primary Roads

Group 1 2S.0 0 24.6 0
MI09AI 2S.0 0 98.0 24.6 0 94.0
M548E1 29.1 0 3.0 28.4 0 11.0
M577AI 29.1 0 5.0 29.0 0 17.0

Group 2 27.2 0 26.7 0
M813-XM198 27.2 0 98.0 26.7 0 89.0
M561 33.0 0 11.0 32.4 0 22.0

Group 3 27.7 0 27.2 0
M548E1-XMI98 27.7 0 98.0 27.2 0 88.0
MS77A1 29.7 0 11.0 29.0 0 23.0

Group 4 27.7 0 27.7 0
MS48EI-XM198 27.7 0 98.0 27.2 0 88.0
MS6l 33.3 0 11.0 32.4 0 23.0

Mid-East - Secondary Roads

Group 1 22.7 0 19.6 0
M109AI 23.0 0 37.0 19.9 0 56.0
M548E1 23.8 0 48.0 20.4 0 41.0
M577A1 25.9 0 33.0 21.3 0 14.0

Group 2 23.6 0 20.0 0
M813-XM198 23.6 0 52.0 20.0 0 65.0
M561 25.0 0 55.0 20.7 0 40.0

Group 3 23.4 0 20.1 0
MS48El-XH198 23.5 0 76.0 20.1 0 70.0
MS77A1 25.9 0 33.0 21.3 0 35.0

Group 4 23.5 0 20.0 0
MS48EI-XMI98 23.5 0 76.0 20.0 0 70.0
U561 25.0 0 33.0 20.7 0 35.0

Mid-East - Trails

Group 1 9.0 0.1 9.3 0
M109A1 13.7 0.1 19.0 10.5 0 43.0
M548E1 9.0 0.1 85.0 10.1 0 58.0
MS77AI 11.3 0.1 6.0 11.5 0 7.0

Group 2 8.7 0.1 0.1 99.6
M813-XM198 9.6 0.1 25.0 0.1 99.6 100.0
M561 10.8 0 80.0 0.5 20.3 1.0

Group 3 8.4 0.1 3.0 1.8
M548EI-XM198 11.0 0.1 98.0 3.0 1.8 100.0
M577A1 11.3 0.1 7.0 11.5 0 3.0

Group 4 9.2 0.1 0.5 20.3
M548EI-XN198 11.0 0.1 45.0 3.0 1.8 54.0
M561 10.8 0 60.0 0.5 20.3 48.0

Mid-East - Off-Road

Group 1 1.4 15.7 2.7 12.2
M109A1 11.1 0.8 22.0 9.5 0 38.0
M548E1 2.7 12.5 61.0 3.2 11.8 54.0
14577A1 1.1 14.6 27.0 7.1 10.3 18.0

Group 2 1.2 16.5 0.1 96.4
M813-XN198 1.8 13.8 9S.0 0.1 96.4 100.0
MS61 1.3 16.3 9.0 0.3 42.6 3.0

Group 3 1.3 15.7 1.6 14.0
M548E1-XM198 2.6 12.5 73.0 1.8 13.6 97.0
M577AI 1.7 14.6 31.0 7.1 10.3 7.0

Group 4 1.1 17.6 0.3 43.9
MS48E1-XM198 2.6 12.5 70.0 1.8 13.6 61.0
M561 1.3 16.3 37.0 0.3 42.6 43.0

(Sheet 2 of 2)



Table 22

!slatIve Nobility Performance of Prim. .over. S.ead on.Perfoýrmanc1. Iv :,,,untrIe

Deacrihed by the Ceneralimed Terrain list.

_______ _______Count r2

A B C 0 E C II
Percent ec -ereen _-t e n eu rPPern. .. -"- - . r t n-- c-o'

Comparison GO of Bst GO of Best CO of Best CO off Best Co of Best GO of Best GO of Best GO of Best G;i of kc.!
Vehicles It" Vehicle %. Vehicle " Vehicle -%- Vehicle %* Vehicle II Vehicle %- Vohicle %- Vehicle " chjicL

Croup, I: Prime Movers TowinjLLightweight Artillery (X5.4204)
Wet Condition

ASV 95.2 I08 31.2 100 99.9 iO0 47.7 100 64.4 95 58.S 76 99.3 10)0 10.0 n 00 79.5 89,

TDW901 71.6 75 14,5 46 87.5 8E 41.5 87 ('7,6 100 76.7 101 93.8 95 29.2 29 9)l , jon

M548E5 93.1 98 20.1 64 87.5 88 28.2 59 5.7 79 28.6 37 94.1 95 29.2 29 30.2 k
A46S6 62.0 65 12.6 40 85.8 86 31.4 70 59.2 88 57,9 75 90.') 91 29.2 29 'I. 4 37

M520E1 - 44.1 46 11.1 36 62.7 63 23,5 49 49.1 73 50.4 66 90.0 91 27.6 28 ..ý.1 93,

4813 41.1 43 3.9 i3 50.0 50 16.0 34 39.3 58 46,0 60 63.7 *64 29.2 29 /9.3 a5
N35A2 30.5 32 2.4 8 32.5 33 6.5 14 24.7 37 4,1 6 61.7 62 28.7 29 61..5 73
MS46 17.0 18 0.5 2 5.7 6 0.9 2 17.3 26 2.2 3 33.0 33 28.7 79 66.0 71

Croup 1: Prime Movers Towing Lightweight Artillery (04204)
Dry Condition

TDW901 95.5 98 24.8 32 87.5 89 42.2 86 71.9 100 77.1 100 93.8 94 29.2 20 9.5 0too

ASV 9"./7 100 77.6 100 100.0 100 48.9 100 68.6 96 52.6 76 99.4 Ioe 100.0 100 79.9 as

M656 9 1. 2 94 20.5 26 86.2 86 S3.4 68 65.0 91 57.9 75 91.1 92 29.2 29 93.2 101
M458EI 96.3 99 24.8 32 87.5 88 28.2 58 57.8 81 28.7 37 ".1,3 95 29,2 29 7s.2 80

M520E1 89.3 91 19.9 26 76.1 76 24.5 so 65.6 91 75,. 98 91.1 92 27.6 28 11.1 i001

M813 58.8 60 9.0 12 54.3 54 16.0 33 52.0 72 57.2 74 63.7 64 29.2 29 "'m.d 85
N35A2 55.0 56 8.4 11 45.4 45 6.5 13 39.3 55 26.5 34 63.7 64 28.7 29 70.8 '1,
H561 40.2 41 2.9 4 5.9 6 0.9 2 23.9 33 2.9 4 39.2 39 28.7 29 69's 75

Group 2: Prime Movers Toming Medium-Weight Artillery (XM198)
Wet Condition

ASV 70." 100 15.1 100 87.S 100 34.7 100 58,4 100 57.6 100 93.8 100 '9.2 100 7S,- 9q6
klET 7i1S 91 12.3 81 63.1 72 17.9 52 45.1 77 32.8 57 93.8 100 29.2 100 71.,1 95
T158901 32.0 41 2.4 16 9.0 I0 8.2 24 34.2 59 33.7 59 42.6 45 29.2 100 7S.3 10 I
M125EI 25.6 32 2.4 16 30.4 35 12.S 36 34.2 59 31.2 54 61.7 66 24.7 98 , .3 87

MSZOE5 18.8 24 1.9 12 7.1 8 7.3 21 33.2 57 29.4 51 42.6 45 27.6 Q0 5 . 9-

NS48E1 36.8 47 3.6 24 30.9 35 6.0 17 24.4 42 3.0 1 61.7 69 29.2 I07 ,. 2 7
H656 9.8 12 0.5 3 5.4 6 1.0 3 23.6 40 24.4 42 33.0 35 27.6 09 9 6.7 84

M1R13 9.8 12 0.5 3 5.4 6 1.0 3 23.7 41 24.5 43 33.0 35 27.6 93 1,6.7 A3
M3562 0.0 0 0.0 0 0.0 0 0.0 0 0.2 1 0.0 0 0.0 0 0.0 0 18,7 21
N561 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0,0 (I 0.0 71 0.0 II

Group 2: Prime Movers Towing Med7um-Weight Artillery (X0199)
Dry Condition

ASV 95.s 100 24.8 100 87.5 100 34.7 100 62.6 100 57.7 100 93. 1Jon 29.2 100 75.2 'I,

UET 95.5 100 19.1 77 63.1 72 17.9 52 45.2 72 32.8 57 93.8 10G 290.2 IOI 74.4 q.

T111901 44.7 47 8.4 34 21.8 25 8.2 24 48.6 78 55.9 97 42.1. 45 29.. 1loo 78.4 I(i,

MM1251 54.3 57 8.4 34 44.1 50 12.5 36 49.0 78 56.0 97 63.7 68 20.7 9S 70.9 9go
4520EI 41.8 44 4.0 16 7.3 8 7.3 21 33.8 54 32.2 56 42.6 45 27.6 o8 78.3 IS')

14548E1 55.2 58 4.0 16 30.9 35 6.0 17 24.5 39 3.1 I 63.7 68 29.2 Jon0 6n.5 77
14656 37.5 39 2.9 12 21.8 25 1.0 3 30.7 49 27.1 47 39.2 42 27.6 91S 69.8 8!9
1413 37.6 39 2.9 12 5.8 7 1.0 3 30.7 49 27.3 47 39.2 42 27.6 95 69.8 89
M35A2 0.0 0 0.0 0 0.0 0 0.0 0 0.2 1 0.1 1 0,0 1) 0.0 0 0.0 ) I
1561 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 6

Group 3: Prime Movers Towing Heavyweight Artillery (FH70)
Wet Condition

ASV 40,0 100 12.9 100 60.9 100 6.2 85 3)1.7 100 27.1 93 75.4 10) 27.6 100 9(.2, 100
UET 23.7 59 3.6 28 28.8 47 7.3 100 33.3 84 29.2 100 49.2 65 27.6 100 58.0 94

M12SEI 9.8 25 1.2 9 7.1 12 1.5 21 23.9 60 26.2 90 33.0 44 27.6 i00 99.8 9

14520EI 9.8 25 0.S 4 5.4 9 1.0 14 23.6 59 24.4 84 33.0 44 27.6 100 66.7 9b
1454BE1 17.8 45 3.6 28 7,1 12 0.8 11 23.3 59 2.5 9 42.6 56 27.6 100 57.5 83

TO8901 4.2 11 0.5 4 0.7 1 0.5 . 7 21.0 53 24.4 84 31.4 42 27.6 190 6h.4 96
1813 2.9 7 0.0 0 0.0 0 0.0 0 2.9 7 0.1 1 11.6 15 0.2 1 1v.8 27
1656 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 18.7 27
1435A2 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 18.7 27

Group 3: Prime Movers Toeing Heavyweight Artillery (FHO)
Dry Condition

ASV 85.9 100 19.9 100 75.0 100 8.6 89 56.4 100 51.8 100 90.8 1OO 27,6 100 7M.5 100

UET 52.6 61 4.0 20 29.7 40 9.7 100 24.0 60 31.9 62 63.5 70 27.6 10, 60.3 81
M125E1 37.6 44 7.3 37 20.3 27 1.5 15 45.2 80 51.2 99 39.2 43 27.6 100 6.98 94
N520EI 37.6 44 2.9 15 5.8 8 1.0 10 30.7 54 27.2 53 39.2 43 27.6 lo0 69.8 94

1548E5 40.9 48 4.0 20 7.3 10 0.8 8 23.7 42 3.0 6 42.6 47 27.6 10o 59.5 80
TD11901 31.4 37 2.9 15 2.4 3 0.5 5 30.2 54 27.1 52 39.1 43 27.6 100 69.8 94
14813 16,2 19 0.0 0 1.5 2 0.0 0 5.6 10 0.0 0 13.1 14 0.2 1 191.1 26

1656 0.0 0 0.0 0 0.0 0 0.0 0 0.2 1 0.0 0 0.0 0 0.0 0 18.7 25

843562 0.0 0 0.0 0 0.0 0 0.0 0 0.1 1 0.0 0 0.0 0 0.0 0 18.7 25

Percentage of country with >66-100 percent probability of GO.
Vehicle that can negotiate the largest percentage of country is considered "Best Vehicle".
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APPENDIX A: JIFFY MOBILITY MODEL

1. The JIFFY mobility model was developed for use with gener-

alized terrain data because a limited amount of detail with respect to

terrain data does not warrant the use of a more complex model, such as

ihe Army mobility model (AMM). The terrain-vehicle relations used by

the JIFFY mobility model to predict GOINOGO vehicle performance are

soil-vehicle, soil strength-slope-vehicle, obstacle-vehicle gometry, and

vegetation-vehicle. These relations and the method used to determine

GO/NOGO by the JIFFY model are discussed briefly in this appendix.

Terrain-Vehicle Relations

Soil-vehicle relations

2. Vehicle performance varies as a function of soil type there-

fore, separate relations for surface material strength versus vehicle

parameters were used for fine-grained soils (clays and silts) and coarse-

grained soils (sands). Fine-grained soil-vehicle relations are also

used for rock surfaces. Fine-grained soil was the predominant surface

material in the nine countries considered in this study. Coarse-grained

soil occurred in relatively few of the terrain units.

3. The soil-vehicle relations used by the JIFFY model to predict

vehicle performance include the minimum soil strength required for a

vehicle to complete one pass and the first-pass maximum tractive force

(drawbar pull).

4. VCI For fine-grained soils, VCI is defined as the minimum

soil strength in terms of rating cone index (RCI) that will permit one

pass. The generalized terrain data describe soil strength only in terms

of cone index; therefore, it is assumed that rating cone index and cone

index are the same. For coarse-grained soils, VCI is computed and

defined as the soil strength in terms of cone index at which zero net

drawbar pull occurs. The procedures for computing VCI 1 for both fine-

grained and coarse-grained soils are the same as those used in the
2

AMC-74X mobility model.

Al



5. VCI 1 for vehicles towing artillery can be computed by adding

the increase in motion resistance offered by the artillery for a given

soil strength, and then determining the increase in soil strength

required to offset the motion resistance, using the soil strength-

drawbar pull relations.

6. Traction force-soil strength relations. The maximum force a

vehicle can develop on level ground is primarily a function of soil

strength, and vehicle type (wheeled or tracked), ground pressure, and

slip. Tractive force versus excess rating cone index (RCI minus VCII)

relations for tracked and wheeled vehicles operating in fine-grained

soils are shown in Figure Al.

7. For this study, tractive force in fine-grained soil for

wheeled vehicles was predicted for the soil strength values (150, 112,

60, and 22) representative of the surface composition classes given in

Table Dl (Appendix D). Strength of coarse-grained soil has little or no

effect on tractive performance, but the type of track on a vehicle does

affect tractive performance. For the vehicles in this study with

flexible tracks, a tractive force coefficient of 0.70 was assigned; for

vehicles with girderized tracks, a tractive force coefficient of 0.57

was assigned. Although this may appear somewhat arbitrary, previous

studies have shown these values to be reasonable.

Soil strength-slope-vehicle relations

8. Vehicle performance on a slope depends largely on the magni-

tude of the slope and the excess traction that the vehicle can develop,

which, in turn, depends on soil strength. For a given soil strength the

maximum slope negotiable (expressed in percent) is equal to the tractive

force (expressed as percent of vehicle weight) that a vehicle can develop

on level soil of the same strength. Thus, the tractive force-soil

strength relations for fine-grained soils (Figure Al) and and the

computational form for determing tractive force for coarse-grained soils

(Figure A2) are used to determine performance on slopes.

Obstacle-vehicle geometry relations

9. The only obstacle geometry characteristics available in the

generalized terrain data are the heights of the obstacles. By using

A2



pertinent obstacle-vehicle geometry, the maximum attitude angle that the

vehicle would attain if it were to cross the obstacle and the traction

required are determined.

10. To use limited available data to predict traction required by

wheeled vehicles for obstacle crossing, the obstacle approach angle (A)

was arbitrarily assumed to vary with obstacle height as follows:

OHA = 90 - T-, deg

where OH = obstacle height, in.

This was done on the basis that, as discrete natural obstacles become

larger, they tend under the influence of both their origin and sub-

sequent history to become less abrupt. The algorithm allows small

obstacles to present essentially vertical faces to a vehicle approach,

whereas, the obstacle approach angle drops to about 70 deg for the

largest vertical obstacles considered. This is still formidable.

11. Tractive requirements for wheeled vehicles are computed on the

following assumptions:

a. The obstacle is rigid.

b. The obstacle is approached head-on at very low speed.

c. Load is equally distributed among the driving axles, and
load transfer due to vehicle attitude is ignored.

d. Tractive coefficient is the same under each axle and on
the obstacle face.

The resulting simple static equilibrium equations lead to an equation

for required tractive coefficient (TR) as follows:

TR-- T2 + iTR A2+n -i A

where
1

A x cot a
2(n - 1)

n - total number of driven axles

a - effective wheel contact angle

= A or AI, whichever is least

A, = 90 - arc sin( RW OH deg

A3



RW - wheel radius, in.

12. For tracked vehicles the traction required to surmount the

obstacles that can be negotiated is computed with the following equa-

tions:

Traction required (% of vehicle weight) - tan (MPA)

where

MPA = maximum pitch angle of vehicle (deg)'

- arc sin [MV ÷ (LT - DS)]

MV = obstacle height, in.

LT - length of tractive element in contact with ground, in.

DS = distance between center of first road wheel and center of
road wheel just forward of cneter of gravity of the
vehicle, in.

The values determined in this manner for tractive force required are

computed as percent of vehicle weight.

Vegetation-vehicle relations

13. Although both woody and nonwoody vegetation are deterrents to

vehicle performance by restricting the driver's visibility or by causing

the vehicle to slow down to maneuver around or override single and

multiple stems, only the effects of overriding and maneuvering are

considered by this model. For vehicle performance in vegetation, the

peak and average forces developed in overriding a given array of vegeta-

tion are determined. These forces are then considered in terms of

tractive and impact forces.

14. When the mean spacing of tree stems that must be overridden is

less than 1.5 times the vehicle width, the vehicle cannot maneuver to

circumvent them. To obtain the maximum stem size to be overridden, a

value of 1.5 times the vehicle width is determined, and the stem

diameter having that spacing is required to be overridden.

15. The peak impact force (Fh) in pounds is computed by the

following equation.

A4



where

H p pushbar or height of leading edge of vehicle, in.P

d 3 = stem diameter, in.
s

Peak impact forces are computed for the maximum stem diameters to be

overridden. These values are used to determine whether the peak or

impact force will exceed the force that the leading edge of the vehicle

can withstand or whether the horizontal acceleration will exceed 2 g's,

the driver's tolerance limit. If either limit is exceeded, NOGO is

predicted.

16. If a vehicle can override the maximum stem diameter to be

overridden without exceeding the driver tolerance and leading edge

limits, average tractive force (F ), in pounds, required to override the

vegetation is computed by

56d
3

o 5.8

17. Off-Road predictions for this study. Off-road vehicle perform-

ance in terms of GO/NOGO was predicted for the vehicles considered in

this study by determining the tractive force available for a given

surface composition factor classes for fine-and coarse-grained soils,

and subtracting from the tractive force available the traction force

required for the vehicle to negotiate the factor classes of slope,

surface geometry, and vegetation. The difference was identified as

excess traction. If the excess traction for a given terrain unit was

positive, go performance was predicted; and if the excess traction was

negative, NOGO performance was predicted.

A5
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4o 0.6
0
to 0 I I
z

Tracked Vehicles with Ground Contact Pressure
0 >4 psi D/W - 0.4554 + 0.0392 RCI0 0.0392RCoX

0.4 (0.4554 + 0.0392 RCI - 0.0526 RCI

0.2
0

Tracked Vehicles with Ground Contact Pressure <4 psi
RC)2D/W = 0.544 + 0.0463 RCI - (0.544 + 0.0463 RCI - 0.0702RCI

X x x

01 0.0U"

0 20 40 60 80 100

Rating Cone Index - Points Above
o Vehicle Cone Index (RCIx)
CN x
S0.8

S0.6
0

S0.4 •Wheeled Vehicles with Ground Contact Pressure <4 psi
SD/W =0.3885 + 0.0265 RCl

x X
"" 0.2 _ II I

X

0 Wheeled Vehicles with Ground Contact Pressure >4 psi
Sa2
z D/W = 0.379 + 0.0219 RCI - (0.379 + 0.0219 RCIx) - 0.0257 RCI

0.0 . 1 . 1
0 20 40 60 80 100

Rating Cone Index - Points Above
Vehicle Cone Index (RCIx )

Figure Al. First-pass net maximum drawbar pull, maximum slope negotiable-
soil strength relations for tracked and wheeled vehicles operating on

fine-grained soils.



Vehicle

Basic Equations

DPmax (% of vehicle wt) - 28.87(XI) + 10.10(X2) - 1.52(X3 ) - 0.61(X 4) - (X5 ) -

S (m ) - 28.87(XI) + 10.10(X 2) - 1.52(X 3) - 0.61(X4 ) - (X6)

Vehicle Characteristics and Cone Index

1. Gross wt, lb 2. Nominal tire width, in.

3. Rim diameter, in. __ 4. No. of powered tires

5. Tire ply rating __ 6. Tire inflation pressure, psi

7. Cone index of 0- to 6-in. layer

X Factors

X1 M strength factor - log(7)* -

X " contact area factor = log[(')(Xa)

Xa = contact pressure factor - 0.607 x (6) + .35[l17. x (5)] - 4.93 =

S- wheel diameter factor - 5.0 x (2) + (3) _

X13 = same as (4)

X14 = same as (6)

X15 = 43.82 for maximum net drawbar pull computations

X6 - 45.82 for maximum slope negotiable

DP -28.87 ( ) + 10.10( ) - 1.52( ) - 0.61( ) -43.82max

S m 28.87( ) + 10.10( ) - 1.52( ) - 0.61( )- 45.82max

"* Number in parentheses indicates the vehicle characteristic, cone index,
or X factor to use.

Figure A2. Dafa form for computing maximum net drawbar pull (DP_ x) and
maximum slope negotiable (S max) for wheeled vehicles in sans



APPENDIX B: DATA USED TO CHARACTERIZE

STUDY VEHICLES

1. Extensive data are required to characterize a vehicle to

predict its performance with the Army mobility model (ANN). These data

for each of the 60 study vehicles are given in Table Bl through B6.

All vehicles are described as carrying their rated payloads, with tires

at recommended inflations and corresponding deflections. Reduced

inflation pressures allowable for operation in sand terrain are also

specified.

2. Tractive force-speed relations are from Aberdeen Proving

Ground engineering test data for all vehicles except the TDW9Ol, the

ASV, and the XM723. For these vehicles, the tractive force-speed was

computed from engine and power train data.

3. Both field experience and simulations have shown that dynamic,

responses of a vehicle crossing minor obstacles have a strong influence

on actual vehicle performance. AMM is so structured that values used in

it for critical vehicle characteristics may be those determined from

dynamics simulation or from experimental data. Since experimental data

were available for most of the prime movers in this study, a small

dynamics field test program was conducted to determine the effect on

dynamic response when a prime mover was towing artillery. In addition,

experimental dynamics data were collected on two pieces of self-pro-

pelled artillery, since no data. on vehicles with similiar characteristics

were available. The results of the dynamics test program are discussed

in Appendix C, and the appropriate data have been incorporated in the

tables in this appendix.
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Valces of Vehicle Charactristics

S.. ...... . - i• - Ch a r-actcri-t-ic . . . .. . . . . . . .. . . . . . . . . . ..Sbl 83 5/ .. . . .. .

____ ne- frtie With With With With Wit it it uh Wth Wt
NO. Idontilizat on sl5ns Mover M102 X4204 XMI998 D)4(J13mml1 XM2(04 Ml l4AI XM9CI8 nl X0f nIv Vi r

I Vehicle ty1i (NVMII-0 for tracked and I for
wheeled -

2 Giroe vehicle weight kilps 9.2 1i 5 14.0 24.4 25 A I. /4 I t2.l 0 4 5 m0 , 1',.
3 Track typo (NFL-0 for flexblhe and I for

gtrdoriidJ NA NA
4 Grsiuor height for tfreckit umbher or tIre%

(or wheel ld in. 1, 1 A C A IJ

N Tire pliy rating 4 A
o ;groaC rated horsepower hblp 103 140
7 Noihea r of tracks or tireo 6 R a 1 8 Id
WNumbor of axlas 3 4 4 4 4 1

Vehicle ildth In. 84 96 84 110 110 96. 96 96 liV 102 lei
10 Vehicle length in. 230 492 4 630 703 703 540.8 478 566 751 620 7W1

ii Track width or nominal tire width in. 1I 9
12 Wheel rim diaeter in. 18 20
13 Recommended tire pressure (cross-country) psi 22 35
14 RIct etnded tire pressure (sand) psi 12 iS
15 Area of one-track shoe (tracked) or

nomber of wheels (wheeled) (duals as one) in. 6
16 Numaber of bogies (tracked) or chain indica-

tor wheeled (O-no chains; lchains) O 0
17 Vehicle ground clearance at the center of

greatest wheel span In. 15.8 19.1
18 liniu. vehicle ground clearance in. 14.6 11.2 14.6 13.2 14.0 11.2 12.9 10.0 12.9 12.9 12.9
19 Reor end clearance (vertical clearance

of vehicles trailing edge) in. 15.8 32.0
20 Vehicle departure angle deg 52 40

21 Vertice) clearance of vehicle's leading
edge in. 27 35

22 Vehicle approach angle deg 62 40
23 Length of track on ground or wheel diameter in. 40 38
24 Height of vehicle pushbar in. 27 35
ZS Distance between first and last wheel

center lines in. 165 178
26 Horizontal distance from the center of

gravity to the front wheel center lines in. 90 88
27 Vertical distance from the center of

gravity to the road wheel center lines in. 15.0 22.3
28 maximum span between adjacent wheel

center lines in. 85 130
29 Angle between a line parallel to the

ground surface end the line connecting
the center of gravity and the center of
the rear wheel (road wheel or idler).
The wheel is the one used to determine
departure angle deg NA NA

30 Distance from the center of gravity to
the center of the rear wheel (road wheel
or idler). The wheel is the one used to
determine approach angle in. NA NA

31 Vertical distance from the ground to the
center of the rear wheel (road wheel or
idler) in. 18.7 17.7

32 Track thickness plus the radius of the
rear wheel (road wheel or idler). The
wheel is the one used to determine de-
parture angle. {oheeed-RW)
OW Rolling Radius in. 18,7 17.7

33 Loaded rolling radius of tire (cross-
country tire pressure) or sprocket pitch
radius in. 18,7 17.7

34 Height of rigid point used to determine
approach angle in. 24,3 35.0

35 imaxlam braking force the vehicle develops - 0.8 0.8
36 Loaded wheel radius (at sand-tire pressure) in. 18.2 17.4
37 Total ground-contact area in. NA NA
38 Distance vehicle spans before significant

motion begins in. 20 19
39 Maxlmum force the pushbar can withstand kips 9,2 19.3
40 Naximam axle load/gross vehicle weight 0.36 0.36

41 Vehicle rated horsepower per ton hp/ton 22.5 16.4 14.8 8.4 8.0 12.3 11,6 8.8 9.0 7.3 7.8
42 Transmission type (O-woutoatic, lkmanual) 1 1
43 Final drive gear ratio 0.57 6.27
44 Final drive gear efficiency 0.90 0.90
45 Number of gears in transmission - 10
46 Gear ratios for transmission

(descending order) See Table B2
47 Transmission efficiency 0.90 0.90
40 Number of point pairs in array TTh 30 34
49 Array containing vehicle speed vs tractive

force corve (Speed mph - tractive force
(Jbs)] See Table B3

SO Number of point pairs in array VOOB 11 19

51 Aý•ay containing vehicle velocity versus
obstacle height of 

2
.S-g vertical

acceleration (speed, mph vs obstacle
heights, inches) See Table 84

52 Namber of points in array V tIDE (cross-
country) 10 12

53 Array containing ride dynamics versus
speed cuoe (cross-country) (rms,
elevation, vs speed mph) See Table 85

54 Number of points in array VRIDE (road and
trails) 9 12

55 Array containing ride dynamics versus
speed curve (roads and trails) See
Table R6

(Continuedl

* NA metns not applicable. (Sheet i of 6)

T(E : Values were not repeated for additional towed artillery unless a change occurred.



Table RI (Continued)

Vehicle Characteristics
nimen -- kill; TIF~i Will, With- WItlh will ViNo. Ietfctoie Plov.er 542114 M114AI XNIIP P1170 7 XH[II.lims 8141(14 HI14AI xMiS I'llI70 XM4(I'lom;

I Vehicle type (NVER-0 for tracked anl I for
wheeled I I
r Cross vehicle weight kips 32.5 .7.3 45.2 47.6 5181 49.1 30.6 19.5 41.1 45.1 42+4

3 Track type (NFL-O for flexible and I for
girserianJ - MA NA

4 Grouser height for tracks; number of tires
for wheeled in. 10 12 12 12 12 12 10

S Tire ply rating - 12 10
6 Gross rated horsepower bhp 26S 210
7 Number of tracks or tires 10 12 12 12 12 12 108 Number of axles - 3 4 4 4 4 4 S
9 Vehicle width in. 101 101 101 110 102 110 96 96 110 102 110
10 Vehicle length in. 317 517 605 790 659 790 476 S64 749 618 749
II Track width or nominal tire width in. 11 16
12 Wheel rim diameter in. 20 20
13 Recemmanded tire pressure (cross-country) psi 35 30
14 Recomended tire pressure (sand) psi 15 IS
15 Area of one-track shoe (tracked) or

number of wheels (wheeled) (duals as one) in. 6 10
16 Number of bogies (tracked) or chain indica-

tor wheeled (0-no chains; 1-chains) - 0 0
17 Vehicle ground clearance at the center of

greatest wheel span in. 22.5 20.018 Minima vehicle ground clearance in. 11.9 1l.S 10.0 11.5 11.5 11.S 12.0 10.0 12.0 12.0 12.0
1 Rear end clearance (vertical clearance

of vehicle's trailing edge) in. 34.6 52.0
20 Vehicle departure angle deg 39 62

21 Vertical clearance of vehicle's leading
edge in. 32 36

22 Vehicle approach angle deg 35 so
23 Length of track on ground or wheel diameter in. 42 44
24 Height of vehicle pushbar in. 32 36
25 Distance between first and last wheel

center lines in. 206 206
26 Horizontal distance from the center of

gravity to the front wheel center lines in. 120 110
27 Vertical distance from the center of

gravity to the road wheel center lines in. 30.6 15.3
28 Maximum span between adjacent wheel

center lines in. 152 90
29 Angle between a line parallel to the

ground surface and the line connecting
the center of gravity and the center of
the rear wheel (road wheel or idler).
The wheel is the one used to determine
departure angle deg NA NA

30 Distance from the center of gravity to
the center of the rear wheel (road wheel
or idler). The wheel is the one used to
determine approach angle in. NA NA

31 Vertical distance from the ground to the
center of the rear wheel (road wheel or
idler) in. 18.7 20.4

32 Track thickness plus the radius of the
rear wheel (road wheel or idler). The
wheel is the one used to determine de-
parture angle. (wheeled-Rn)
RW - Rolling Radius in. 18.7 20.4

33 Loaded rolling radius of tire (cross-
country tire pressure) or sprocket pitch
radius in. 18.7 20.4

34 Height of rigid point.used to determine
approach angle in. 32.0 32.0

35 Naximum braking force the vehicle develops - 0.8 0.8
36 Loaded wheel radius (at sand-tire pressure) in. 17.7 19.7
37 Total ground-contact area in. NA NA
38 Distance vehicle spans before significant

motion begins in. 21 22
39 Maximum force the pushbar can withstand kips 32.S 2S.8
40 Maxtimm axle load/gross vehicle weight - 0.35 0.25
41 Vehicle rated horsepower per ton hp/ton 16.3 18.7 11.7 11.1 10.2 10.8 13.8 11.0 10.3 9.4 9.9
42 Transmission type (0-automatic, I-manual) - 1 0
43 Final drive gear ratio 6.40 6.40
44 Final drive gear efficiency 0.90 0.90
45 Number of gears in transmission 10 6
46 Gear ratios for transmission

(descending order) See Table B2 -
47 Transmission efficiency 0.90 0.90
48 Number of point pairs in array TTE 33 24
49 Array containing vehicle speed vs-tractive

force curve [Speed mph - tractive force
(lbs)] See Table B3

SO Number of point pairs in array VOOR 14 15

SI Array containing vehicle velocity versus
obstacle height of 

2
.S-g vertical

acceleration (speed. mph vs obstacle
heights, inches) See Table 84

52 Number of points in array VRIDE (cross-
country) - 24 1

53 Array containing ride dynamics versus"asped curve (cross-country) (rms,
elevation, vs speed mph) See Table 85

54 Number of points in array VRIDE (road and
trails) - 20 10

SS Array containing ride dynamics versus
speed curve (roads and trails) See
Table B6

(Continued)

K NA meoas not applicable. (Sheet 2 of 6)



I . I . J It *i t i n d I I1

V.0 ), j h . , a m .q 1v 1,t '1 •IWill I/,W I

rlimp. Wit). With W1 t), With Wit) , WII, W, t W ith 100 gil

Nc ' tIe, if 1a ii,, ia.o XM2(14 Mi 14AI g1 4811411'71! i Xl
5
iin 004 Mi 14l M J~ ill8' lie nttqi coin.

I Vehle In type iNVIi1-i) for tracked and I for
aheeed -I

(ross vehicle aeight kip. 43.8 51.7 54.2 58.2 55.6 48.0 55.9 58.5 62.5 59.k
,1 Track type (NFL-l for flexible and I for

glirderized - NA NA
4 l;rouser height for tracks; number of tires

far wheeled in. 10 6
5 Tire ply rating - 12 10
6 Gross rated horsepower bhp 225 213
SNumber of tracks or tires 10 6
8 Number of axles - 5 3
9 Vehicle width ih. 96 96 110 102 110 108 108 110 108 I0
it Vehicle length in. 494 582 767 636 767 575 663 848 717 841

II Track width or nominal tire width in. 16 18
12 Wheel rim diameter in. 20 37
13 Recommended tire pressure (cross-country) psi 14 28
14 Recommended tire pressure (sand) psi 7 13
15 Area of one-track shoe (tracked) or

number of wheels (wheeled) (duals as one) in. I0 6
16 Number of bogies (tracked) or chain indica-

tor wheeled (ieno chains; lchains) - 0 0
17 Vehicle ground clearance at the center of

greatest wheel span in. 
3
4.0 29.0

18 minimum vehicle ground clearance in. 15.0 10.0 13.2 15.0 14.0 15.0 10.0 13.2 15.7 14.0
19 Rear end clearance (vertical clearance

of vehiclcs trailing edge) in. 32.0 31.0
20 Vehicle departure angle deg 65 35

21 Vertical clearance of vehicle-s leading
edge in. 45 48

22 Vehicle approach angle deg S5 35
23 Length of track on ground or wheel diameter in, 52 69
24 Height of vehicle pushbar in. 45 48
25 Distance between first and lost wheel

center lines in. 160 235
20 Horizontal distance from the center of

gravity to the front wheel center lines in. 108 I11

27 Vertical distutrice from the center of
gravity to the road wheel center lties in. 32.0 13.1

28 Maninus span between odjacent oheel
center lenes in. 102 235

29 Angle between a line parallel to the
ground surface and the line connecting
the center of gravity and the center of
the rear wheel (road wheel or idler).
The wheel is the one used to determine
departure angle deg NA NA

30 Distance from the center of gravity to
the center of the rear wheel (road wheel
or idler). The wheol is the one used to
determine approach angle in. NA NA

31 Vertical distance from the ground to the
center of the rear wheel (road wheel or
idler) in. 22.5 31,7

32 Track thickness plus the radius of the
rear wheel (road wheel or idler). The
wheel is the one used to determnine de-
parture angle. fwheeled.I(N)
R0 8 Rolling Radius in. 22.5 31,7

33 Loaded rolling radius of tire (cross-
country tire pressure) or sprocket pitch
radios in. 22.5 31.7

34 Height of rigid point used to determine
approach angle in, 34.0 48.0

35 M.aximtaa braking force the orhicle develops - 0.8 0.8
3u Loaded wheel radius (at sand-tire pressure) in. 21.7 29.9
37 Total ground-contact area in. NA NA
38 Distance vehicle spans before significant

motion begins in. 26.0 34.5
39 Maoximtam force the pushbar can withstand kips 39.0 43.2
40 M4aximum axle load/gross vehicle weight - 0.29 0,53

41 Vehicle rated horsepower per ton hp/ron 10.3 8.7 8,3 7.7 8.1 8.9 7.6 7.3 6.8 7.1
42 Transmission type (Oauulomatic, [-manual) 0 0
43 Final drive gear ratio 6.40 14.70
44 Final drive gear efficiency 0.90 0.90
45 Number of gears in transmission 10 6
46 Gear ratios for transmission

(descending order) See Table 02
47 Transmission efficiency 0.90 0.90
48 Number of point pairs in array "TiE 18 28
49 Array containing vehicle speed vs tractive

force curve [Speed mph - tractive force

(Ilbs)l See Table i;3
50 Number of point pairs in array VOOB i1 11
51 Array containing vehicle velocity versus

obstacle height of 2.5-g vertical
acceleration (speed, mph vs obstacle
heights. inches) See Table B4

52 Number of points in array VRIDE (cross-
country) 11 10

53 Array containing ride dynamics versus
speed carve (cross-country) (rus,
elevation, vs speed mph) See Table B5

54 Number of points in array VRIDE (road and
trails) 10 10

SS Array containing ride dynamics versus
speed curve (roads and trails) See
Table B6

(Continued)

* NA means not applicable. /3 (Sheet 3 of 6)



Table H1 (Continued)

't-Vehicle Characterl tics - - 1-4-- l--

ho. Identification lions I1AI XMI98 keTD_. Mover N102 XM204 Ml14IA 1 9A F9i70 Xl(l1J1/

I Vehicle type (NVEI-0 for tracked and I for
wheeled - 1 0

2 Cross vehicle weight kips 64.3 66.9 70.9 26.S 29.6 31.2 39.2 41.7 45.7 43.0
3 Track type (NFL-0 for flexible and I for

girderized - NA 0
4 Grouser height for tracks; number of tires

for wheeled in. 12 1 2 2 2 2 2 2.
5 Tire ply rating - 20 NA
6 Gross rated horsepower bhp 300 202
7 Number of tracks or tires 12 2 2 2 2 2 2 ?
8 Number of axles - 4 NA I 1 1 1 1 1
9 Vehicle width in. 114 114 114 106 106 106 106 110 106 110

10 Vehicle length in. 608 793 662 226 489 426 114 700 568 700

11 Track width or nominal tire width in. 14 is
12 Wheel rim diameter in. 24 NA
13 Recomended tire pressure (cross-country) psi 40 NA
14 Recommended tire pressure (sand) psi 20 NA
IS Area of one-track shoe (tracked) or

number of wheels (wheeled) (duals as one) sq in. 8 90
16 Number of bogies (tracked) or chain indica-

tor wheeled (0-no chains; 1-chains) - 0 1
17 Vehicle ground clearance at the center of

greatest wheel span in. 26.0 NA
18 Minimum vehicle ground clearance in. 10.0 13.2 15.7 16.0 11.2 IS.0 10.0 13.2 15.7 14.0
19 Rear end clearance (vertical clearance

of vehicle's trailing edge) in. 28.0 23.0
20 Vehicle departure angle deg 45 3S

21 Vertical clearance of vehicle's leading
edge in. 40 50

22 Vehicle approach angle deg 30 S7
23 Length of track on ground or wheel diameter in. 52 120
24 Height of vehicle pushbar In. 40 50
25 Distance between first and last wheel

center lines in. 200 NA
26 Horizontal distance from the center of

gravity to the front wheel center lines in. 124 94
27 Vertical distance from the center of

gravity to the road wheel center lines in. 50.0 15.0
28 Maxim~um span between adjacent wheel

center lines in. 140 NA
29 Angle between a line parallel to the

ground surface and the line connecting
the center of gravity and the center of
the rear wheel (road wheel or idler).
The wheel is the one used to determine
departure angle deg NA 13.8

30 Distance from the center of gravity to
the center of the rear wheel (road wheel
or idler). The wheel is the one used to
determine approach angle in. NA 74

31 Vertical distance from the ground to the
center of the rear wheel (road wheel or
idler) in. 21.7 18.0

32 Track thickness plus the radius of the
rear wheel (road wheel or idler). The
wheel is the one used to determine de-
parture angle. (wheeled=RW)
RW = Rolling Radius in. 21.7 14.0

33 Loaded rolling radius of tire (cross-
country tire pressure) or sprocket pitch
radius in. 21.7 9.8

34 Height of rigid point used to determine
approach angle in. 40.0 23.0

35 Maximum braking force the vehicle develops - 0.8 0.8
36 Loaded wheel radius (at sand-tire pressure) in. 21.7 NA
37 Total ground-contact area in. NA 3600
38 Distance vehicle spans before significant

motion begins in. 26 60
39 Maxim force the pushbar can withstand kips 51.6 52.9
40 Maximm axle load/gross vehicle weight - 0.38 NA

41 Vehicle rated horsepower per ton hp/ton 9.3 9.0 8.5 15.3 13.6 12.9 10.3 9.7 8.8 9.4
42 Transmission type (Oautomatic, 1-manual) 1 0
43 Final drive gear ratio 9.02 4.31
44 Final drive gear efficiency . 0.95 0.95
45 Number of gears in transmission 6 2
46 Gear ratios for transmission

(descending order) See Table 98
47 Transmission efficiency 0.95 0.95
48 Number of point pairs in array M 40 26
49 Array containing vehicle spend vs tractive

force curve (Speed mph - tractive force
(lbs)] See Table 83

50 Number of point pairs in array VOO0 20 12

SI Array containing vehicle velocity versus
obstacle height of 2.S-g vertical
acceleration (speed, mph vs obstacle
heights, inches) See Table 114

52 Number of points in array VRIDE (cross-
country) 13 12

53 Array containing ride dynamics versus
speed curve (cross-country) (ris,
elevation, vs speed mph) See Table IS

54 Number of points in array VRIDE (road and
trails) 9 11

SS Array containing ride dynamics versus
speed curve (roads and trails) See
Table B6

(Continued)

NA means not applicable. (Sheet 4 of 6)



S.¥ahl I! Wfty, I hr ýrý% A ar, I hjvl

v r .. Mover XM204 NI 14AI XM198 1I171
I Vehicle type (NVI.II.0 for trucked and I for ------

:heeted - 0 02 Gross vehicle weight kips 37.7 50.4 53.0 57.0 00.7 55.5 63.4 66.0 70.0 67.3 Track type (NPL.0 for flexible and I for
girderitod 

04 Grouser height for track%; number of tiresfor wheetled in, 2.0 2 2 2 1.0 2 25 Tire ply rating - NA 2 2 26 Gross rated horsepower b NA7 Number of tracks or tires 2 2 2 2 2
a 2 2

Number of axles - NA 1 I 2 2A0 Vehicie width in. 1I0 110 1I0 I10 117 117 117 117 117 117iO Vehicle length in. 235 523 708 077 265 465 553 738 607 738
II Track width or nominal tire width in. 1012 Wheel rim diameter in. NA 21
13 Recommended tire pressure (cross-country) psi NA NA14 Reccomended tire pressure (sand) psi NA MA
15 Area of one-track shoe (tracked) or p Nt

number of wheels (wheeled) (duals as one) in. 108
i Numhber of bogies (tracked) or chain Indica- 126

tor wheeled (0-no chains; l-chains) 8
17 Vehicle ground clearance at the center of 12

greatest wheel span in. NA18 Ninimum vehicle ground clearance in. 18.0 10.0 13.2 10.7 14.0 14.0 10.0 13.2 14.0 1
19 Rear end clearance (vertical clearance 14.0of vehicle's trailing edge) in. 35.0 27.020 Vehicle departure angle d2g 34

21 Vertical clearance of vehicle's leading

edge 
in. 6022 Vehicle approach angle dog 34 43

23 Length of track on ground or wheel diameter in. 107 67
24 Height of vehicle pushiar in. 60 164
25 Distance between first and last wheel 43

center lines in. NA
26 Horizontal distance from the center of NA

gravity to the front wheel center lines in. 61
27 Vertical distance from the center of 76

gravity to the road wheel center lines in. 18.0
28 Maximam span betwc n o d.1 ccnt d he el 38.4

center lines 
in. NA

29 Angle between a line parallel to the NA
ground surface and the line connect ing
the center of gravity and the center of
the rear wheel (road wheel or idler).
The wheel is the one used to determine
departure angle deg 10.0 8.S30 Distance from the center of gravity to
the center of the rear wheel (road wheel
or idler). The wheel is the one used to
determine approach angle in. 70 114

31 Vertical distance from the ground to the
center of the rear wheel (road wheel or
idler) in. 28.0 27.332 Track thickness plus the radius of the
rear wheel (road wheel or idler). The
wheel is the one used to deternine de-
parture angle. (wheeled-RN)
3 RW* Rolling Radius in. 18.0

33 Loadd rolling radius of tire (cross- 1S.0
country tire pressure) or sprocket pitchradius 

in. 12.434 Height of rigid point used to determine 10.8
approach angle - in. 60.0 42.735 aoium braking force the vehicle develops - 0.8 0.836 Loaded wheel radius (at sand-tire pressure) in. NA NA37 Tot.l ground-contact area in. 3852 693038 Distance vehicle spans before significant
motion begins in. 4839 4aximus, force the pushbar can withstand kips 80.0 10.040 Maximum axle load/gross vehicle weight - NA NA

41 Vehicle rated horsepower per ton hp/ton 1S.1 11.3 10.8 10.0 17.7 16.2 14.2 13.6 12.9 13.442 Transmission type (0-automatic, l-manual) 0 043 Final drive gear ratio 8.83 4.40
44 Final drive gear efficiency 0.90 0.9745 Number of gears in transmission 6 3
46 Gear ratios for transmission

(descending order) See Table B247 Transmission efficiency 0.90 0.9548 Number of point pairs in array TtE 37 30

49 Array containing vehicle speed vs tractive
force curve [Speed mph - tractive force
(1bs)) See Table B3

50 Pkmher of point pairs in array V00B 12 9
51 Array containing vehicle velocity versus

obstacle height of 2.5-g vertical
acceleration (speed, mph vs obstacle
heights, inches) See Table B4

52 Number of points in array RIDE (cross.
country) 11 II53 Array containing ride dynamics versus
speed curve (cross-country) (rms,
elevation, vs speed mph) See Table 5S

54 Number of points in array VRIDE (road and
trails) - 11

S5 Artay containing ride dynamics versus
speed curve (roads and trails) See
Table 36

(Continued)K A means not applicable. 
(Sheet 5 of 6)
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Table oi (Concluded)

Vehicle Characteristics
Dimes-

NO. Identification sions MIO9AI M107 MI1OE2 Ill3Al Nj611A 1S7741 XM723 X141

I Vehicle type (NVBH-0 for tracked and I for
wheeled - 0 D 0 0 a II 0 0

2 Gross vehicle weight kips S3.1 tul.l 62.1 23.4 104.0 24.4 40.4 115.4

3 Track type (NFL-0 for flexible and I for
girderized - 0 0 i0 11 o 0

4 Grosaer height for tracks; anmber of tires
for wheeled In. 1.0 .1.0 1 I0 1.0 I. 1.1J 0. 1 1,2

5 Tire ply rating NA NA NA MA NA N% NA NA

6 Gross rated horsepower bhp 401 403 405 209 75f6 211) 450 irjo

7 Number of tracks or tires 2 2 2 2 2 2 2 2
8 Number of axles- NA NA NA NA NA NA NA NA
9 Vehicle width in. 124 124 124 106 143 105 126 145
10 Vehicle length in. 240 250 264 192 273 191 245 290

II Track width or nominal tire width in. 13 18 18 13 28 iS 21 24
12 Wheel rim diameter in. NA NA NA NA NA NA NA NA
13 Recomended tire pressure (cross-country) psi NA NA NA NA NA NA NA NA
14 Recommended tire pressure (sand) psi NA NA NA NA NA NA NA NA
15 Area of one-track shoe (tracked) or

number of wheels (wheeled) (duals as one) in. 90 108 108 90 194 90 126 168
16 Number of bogies (tracked) or chain indica-

tor wheeled(O-no chains; I-chains) - 14 10 10 10 1 12 10 12 12
17 Vehicle ground clearance at the center of

greatest wheel span in. NA NA NA NA NA NA NA NA
18 Minima vehicle ground clearance in. 17.7 14.8 18.4 16.0 18.0 16.0 18.0 19.0
19 Rear end clearance (vertical clearance

of vehicle's trailing edge) in. 31.0 60.0 60.0 24.S 40.0 24.5 31.0 30.0
20 Vehicle departure angle deg 80 44 44 40 42 40 78 68

21 Vertical clearance of vehicle's leading
edge in. 45 43 39 30 45 30 42 40

22 Vehicle approach angle deg 75 90 90 70 90 70 83 77
23 Length of track on ground or wheel diameter in. 160 132 152 109 171 108 133 191

24 Height of vehicle pushbar in. 41 43 39 30 43 30 42 40
25 Distance between first and last wheel

center lines in. NA NA NA NA NA NA NA NA
26 Horizontal distance from the center of

gravity to the front wheel center lines in. 94 99. 92 S2 77 54 72 85
27 Vertical distance from the center of

gravity to the road wheel center lines in. 31.9 30.3 28.7 24.0 36.0 30.5 28.8 $0.4
28 Maxieum span between adjacent wheel

center lines in. NA NA NA NA NA NA NA NA
29 Angle between a line parallel to the

ground surface and the line connecting
the center of gravity and the center of
the rear wheel (road wheel or idler).
The wheel is the one used to determine
departure angle deg 11.6 23.6 21.7 17.4 6.3 18.3 9.0 12.0

30 Distance from the center of gravity to
the center of the rear wheel (road wheel
or idler). The wheel is the one used to

determine approach angle in. 117 85 92 78 124 79 106 127

31 Vertical distance from the ground to the
center of the rear wheel (road wheel or
idler) in. 21.1 19.0 19.0 20.0 42.0 20.0 28.0 40.0

32 Track thickness plus the radius of the
rear wheel (road wheel or idler). The
wheel is the one used to determine de-
parture angle. (wheeled-RN)
Re - Rolling Radius in. 11.0 19.0 19.0 14.1 18.0 14.5 14.8 18.5

33 Loaded rolling radius of tire (cross-
country tire pressure) or sprocket pitch
radius in. 9.8 10.6 10.6 9.8 12.2 9.8 10.3 10.0

34 Height of rigid point used to determine
approach angle . in. 45.0 43.0 39.0. 28.2 45.0 28.0 42.0 19.0

3S Maximum braking force the vehicle develops - 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.5
36 Leaded wheel radius (at sand-tire pressure) in. NA NA NA NA NA NA NA NA
37 Total ground-contact area in. 4800 1472 5472 3270 9376 3240 6426 9168
38 Distance vehicle spans before significant

motion begins in. 68 72 69 30 67 66 76 94
39 Maximum force the pushbar can withstand kips 106.1 124.2 124.2 33.0 185.0 48.3 100.0 230.8
40 Maximum axle load/gross vehicle weight - NA NA NA NA NA NA NA NA

41 Vehicle rated horsepower per ton hp/ton 13.7 13.0 13.7 17.9 13.0 17.9 22.3 26.0
42 Transmission type (0-automatic, 1-manual) 0 0 0 0 0 0 0 0
43 Final drive gear ratio 4.36 3.33 3.33 3.93. 5.08 3.93 4.40 3.91
44 Final drive gear efficiency 0.90 0.93 0.90 0.95 0.90, 0.95 0.95 0.95
45 Number of gears in transmission 4 4 4 3 2 3 3 5
46 Gear ratios for transmission

(descending order) See Table 82
47 Transmission efficiency 0.90 0.95 0.90 0.95 0.90 0;93 0.86 0.98
48 Number of point pairs in array fTE 23 23 23 30 16 30 3S 12
49 Array containing vehicle speed vs tractive

force curve [Speed mph - tractive force
(Ibs)] See Table 83

50 Number of point pairs in array VOOB 16 16 16 19 10 19 9 22

51 Array containing vehicle velocity versus
obstacle height of 2.5-g vertical
acceleration (speed, mph vs obstacle
heights, inches) See Table 84

52 NMumber of points in array VRIDE (cross-
country) - 1 19 19 22 12 22 22 15

53 Array containing ride dynamics versus
speed curve (cross-country) (ms,
elevation, vs speed mph) See Table 81

54 Number of points in array VRIDE (road and
trails) 11 11 11 21 12 21 18 13

55 Array containing ride dynamics versus
speed curve (roads and trails) See

Table 86

(Continued)

Aameans not applicable. (Sheet .6 of 6)
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APPENDIX C: RESULTS OF EXPERIMENTAL DYNAMICS TESTS

Test Objectives and Scope

1. It was necessary to conduct a few experimental tests to fill

certain voids in the existing vehicle ride and shock data base. As a

result, ride and shock tests were conducted at Fort Sill, Oklahoma,

with a selected group of vehicle-artillery configurations and two self-

propelled artillery pieces over selected secondary roads, trails and

cross-country courses.

2. Since experimental data were already available on most of the

prime movers of interest, the main purpose of the tests was to determine

the effects of the towed load on the ride quality of the prime movers

and to develop ride and shock relations for the two self-propelled

artillery pieces for which no data existed.

Vehicle Configurations

3. Vehicle breakdowns, maintenance requirements, and adverse

weather and time constraints limited the testing to the following

seven configurations:

a. M35A2-XM198

b. M35A2-M102

c. M813-XM198

d. M520EI-XM198

e. M561-M102

f. MlO9A1

j. MllOE2

h. M813

The vehicle configurations, except h above, are shown in Figure Cl.
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a. M35A2-XM198

b. M35A2-M102

Figure Cl. Test vehicles (sheet 1 of 4)
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c. M813-XM198

d. M520E1-XM198

Figure Cl (sheet 2 of 4)
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e. M561-MI02

f. M1O9AI

Figure Cl (sheet 3 of 4)
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g. MlI11E2

Figure Cl (sheet 4 of 4)
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Instrumentation for Measuring Ride and Shock Responses

4. The instrumentation for measuring ride and shock responses

consisted of: (a) three orthogonally positioned linear accelerometers

and two angular accelerometers mounted near the geometric center of the

cargo area to measure the bounce, fore-to-aft, side-to-side, and pitch-

and-roll accelerations in the cargo area; (b) three orthogonally posi-

tioned linear accelerometers mounted on the driver's seat and connected

to a portable ride meter to measure the driver's absorbed power; (c) one

vertically oriented accelerometer mounted on the floor beneath the

driver's seat; and (d) one vertically oriented accelerometer mounted on

each towed artillery piece. For the two self-propelled artillery

vehicles, the cargo instrumentation was placed as near as possible to

the vehicle's center of gravity. All signals were recorded on FM

magnetic tape by a 14-channel heavy-duty recorder and its associated

signal processor and 30-V battery power source, which were also mounted

on the vehicle (Figures C2-C5). The ride meter converted the accelera-

tion signals at the driver's seat to absorbed power. In addition to

being recorded on tape, absorbed power was displayed continuously on a

meter for visual observation of the responses occurring during each

test. Also, the ride meter contained a peak counter that detected

and counted the number of peak accelerations falling within six distinct

intervals. The intervals are variable and are selected on the basis of the

range of accceleration expected. The elapsed time and time-averaged

absorbed power were obtained from a digital meter at the end of each

test.

5. Absorbed power is the measure of the rate at which vibrational

energy is absorbed by a human and is the quantity currently used to

determine human tolerance to vibration when a vehicle is negotiating

rough terrain. Ride quality is currently based on the vertical absorbed

power at the driver's seat. The results of a comprehensive laboratory

test program led to the establishment of a criterion of six watts as the

human tolerance limit. The details of its development can be found in

References 8 and 9. Experience from past tests based on comments of the
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fT

Figure C2. Portable ride meter and associated accelerometers

2F

Figure C3. Basic instrumentation recording components

LEGEND:
(1). Tape recorder
(2) 30-v power source
(3) Signal controller

•(4) Ride meter
(5) Absorbed power display
(6) Voltmeter with averaging circuit



Figure C4. Ride meter installed for vehicle test

Figure C5. Accelerometer mount for cargo area

Legend

I - Linear accelerometers
2 - Rotational (angular) accelerometers
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vehicle drivers and occupants has indicated that the vibrational

environment affecting ride quality is influenced significantly by

horizontal motion. Studies are being made to ascertain this influence

and develop relations that include both vertical and horizontal motions.

It has been observed that horizontal motions, particularly the fore-and-

aft, are more predominant in vehicles pulling heavy towed loads. However,

because there are as of now no usable relations that include horizontal

motions, ride quality for this study was defined in terms of vertical

absorbed power.

General Descriptin of Terrain and Climate

of Fort Sill, Oklahoma

6. The Fort Sill Reservation lies within Comanche County,

Oklahoma, and occupies almost 6 of the county's 36 km 2. About 51 per-

cent of the land consists of sloping prairies and plains having less

than 3 percent slope; about 20 percent is rolling with slopes from 3 to

5 percent; and 29 percent has slopes more than 5 percent, which includes

Granite and Limestone Mountains. About 52 percent of Fort Sill is

within the East Coche Creek watershed, 40 percent lies within the West

Coche Creek watershed, and 8 percent is in the Big Beaver Creek water-

shed.

7. The geologic formations of Fort Sill consist of igneous and

sedimentary rocks. Most of the soils are underlain by sedimentary rocks

composed of fragments of older rocks.

8. The Fort Sill area has a temperate, continential climate of

dry, subhumid type. The weather patterns that influence this area are

sustained by the alternate movement of warm, moist air from the Gulf of

Mexico and of either contrasting cooler, modified marine air from the

West Coast or colder, dry air from around the Arctic Circle. Rapid

changes are common and result in distinct fluctuations of temperature,

humidity, cloudiness, wind, and precipitation.
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Ride Test Courses

Location

9. All courses were in the same general area of the Fort Sill

Military Reservation near the west gate. Geographic coordinates of the

area and location of the test sites are given in Figure C6.. To provide

a representative group of surface conditions, test courses were selected

as follows:

a. One secondary road (designated as FSSRI)

b. Four trails (designated FSTI through FST4)

c. Five cross-country courses (designaged as FSCC2 through
FSCC6)

Course FSCC1 was determined unsuitable and eliminated from the program.

Photographs of the courses are shown in Figure C7.

10. A profile of each course was measured with rod and level at

1-ft intervals, and surface roughness (rms elevation) was determined

from these profiles using current procedures which filter out frequency

components having wavelengths greater than 60 ft. The course lengths

and rms elevations are listed in the tabulation below.

Test Course Length, ft Elevation, rms in

FSSR1 400 0.09
FST1 300 1.24
FST2 300 0.51
FST3 250 1.01
FST4 250 1.44

FSCC2 400 1.74
FSCC3 300 0.92
FSCC4 400 0.69
FSCC5 300 0.87
FSCC6 300 1.29

Obstacle-Impact Test Course

11. Rigid, semicircular obstacles 6, 8, and 12 in. high were

positioned in a line on a level, hard surface. A 100-ft distance was

measured perpendicular to the obstacles, and stakes, used to determine

C10
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a. Fort Sill secondary road 1

ALP,

!j

b. Fort Sill teodrai 1od

Figure C7. Test courses (sheet 1 of 5)
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c. Fort Sill trail 2

d. Fort Sill trail 3

Figure C7 (sheet 2 of 5)
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e. Fort Sill trail 4

Xp, .

f. Fort Sill cross-country 2

Figure C7 (sheet 3 of 5)
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g. Fort Sill cross-country 3

h. Fort Sill cross-country 4

Figure C7 (sheet 4 of 5)
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i. Fort Sill cross-country 5

j. Fort Sill cross-country 6

Figure C7 (sheet 5 of 5)
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the impact speed by timing, were driven into the ground at that point.

A sketch of the obstacle course is shown in Figure C8.

Test Procedures

Preparation of vehicles
for testing

12. The vehicles were serviced and checked before testing to

ensure peak mechanical performance during all tests. When major mechani-

"cal problems developed, the vehicle was repaired or was replaced with a

similar vehicle. Tests under loaded conditions were conducted at the

recommended cross-country payloads or as near those payloads as could be

determined using field loading techniques; boxes filled with soil were

used as payload. Tires were inflated and maintained at the recommended

cross-country tire pressures. Safety devices, such as seat belts, were

used if the test vehicles were equipped with such devices.

Ride tests

13. Several tests were conducted with each vehicle configuration

over each of the ride test courses at relatively constant speeds ranging

from 5 mph to the maximum safe speed, usually in about 5-mph increments.

The objective was to reach and, if possible, surpass the 6-watt ride

limit. However, on occasion the combination of short approaches to the

test courses and insufficient horsepower precluded reaching the 6-watt

limit.

14. With a few exceptions, each test began with the vehicle

positioned a sufficient distance from the beginning of the test course

to enable the driver to reach the desired test speed before entering the

test course. This speed was then maintained at a relatively constant

level (using the vehicle's speedometer) throughout the length of the

course. An observer rode in the vehicle during each test to operate and

monitor the output of the ride meter and narrate the pertinent activities.

This narrative was recorded on the voice channel of the magnetic tape.

At the end of the test, the driver's comments were also recorded.

Measurements and test procedures were designed to be completely
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Timing Stakes

100'

Path of

Vehicle Travel

H1alf-
Round

Obstacles

of

-- Radius
Shown

-- - 100'

a. Plan View

,Timing Stake
/

3 11alf-Round
Obstacles

b. Profile View

Figure C8. Schematic of obstacle impact course
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independent of driver's judgment and provide a direct, objective measure

of the vehicles' ride and vibration characterisitcs with changes in

speed and surface roughness.

Shock tests

15. Four or five tests were conducted with each vehicle over each

obstacle (6-, 8-, and 12-in. heights) at relatively constant speeds from

5 mph to the maximum safe speed, usually in increments of about 5 mph.

16. Each test began by positioning the test vehicle a sufficient

distance from the 100-ft timing stake (see Figure C8) so that the driver

could obtain the desired test speed before reaching the stake. He then

maintained that speed to the best of his ability (using the vehicle's

speedometer) until the vehicle had completely crossed the obstacle. The

vehicle impact speed when contacting the obstacles was computed by

dividing the 100-ft distance by the time elapsed between passage of the

stakes and obstacle contact. An observer rode in the vehicle during

each test to operate and monitor the output of the peak counter and

narrate the pertinent activities.

Test Data Collected

17. For this study the principal data for the ride tests consisted

of vertical absorbed power at the driver's location. However, absorbed

power was calculated for side-to-side and fore-to-aft motions. The same

data recorded for the ride tests were recorded also for the discrete-

obstacle tests, but only the peak values of vertical accelerations

beneath the driver's seat were considered in the shock analysis. The

elapsed time and average speeds were determined for each ride and shock

test. Although not used in the analysis, linear and angular accelera-

tions were measured in the cargo area of vehicles with towed artillery

and at the center of gravity of the two self-propelled pieces. The

vertical accelerations of each towed piece were also measured. All

measurements were recorded on magnetic tape.
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Results

Ride tests

18. The Fort Sill Reservation did not offer the most desirable

terrain for ride quality evaluations. The level areas that were best

suited for ride courses were either relatively smooth, cluttered with

boulders, pitted with craters from artillery bursts, or lined with

erosion features. Although they were representative of that particular

geographic region, they did not fit the pattern of virgin terrain

representative of many areas of the world in which ride and shock test

data have been collected. The lack of this general degree of random,

uniformity in the surface composition and a suitable range of terrain

roughness restricted the use of the results of these tests in developing

correlations with existing ride and shock relations. The tests, however,

did serve the purpose for which they were intended and that was to show

the effects of towed artillery on the ride quality of the prime movers.

19. The rationale for the analysis was to use the results of two

recently completed experimental programs for investigating the ride and

shock qualities of a number of standard and advanced-concept vehicles,

which included pulling a variety of trailers with solid and liquid

payloads.5'I0 The results indicated that, for the most part, the towed

load did not produce any significant influence on the ride quality of

the prime mover.

20. A special test sequence was conducted to confirm these

previously defined relations. Tests were conducted with the M35A2, 2-

1/2-ton, cargo truck pulling the M102 and the XM198. The weight of the

XK198 was nearly five times that of the kI02 (15,250-lb and 3,338-lb

respectively) and produced artillery-to-prime mover weight ratios of

0.83 and 0.18. The M813, 5-ton, cargo truck was tested without a towed

load and with the XM198, which produced artillery-to-prime mover weight

ratios of 0.0 and 0.47, respectively. It was felt that this range of

conditions would suitably reflect any effects of towed load on ride

quality for standard cargo vehicles. The results followed the pattern

of the previous study, i.e., there was no distinguishable influence on
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ride quality by the towed load. This is reflected by the absorbed

power-speed plots in Figures C9 through C12, which illustrate representa-

tive relations for the M35A2 and M813 configurations on two cross-

country courses. The intermingling of the data substantiate that ride

quality was not influenced by the towed load.

21. The next sequence of tests concerned two advanced-concept

vehicles; the M520EI towing the XM198 and the M561 towing the M102. The

intent of these tests was to provide ride data with towed artillery to

compare with ride data obtained from other tests with the prime movers

operating without towed loads.

22. Figure C13 shows cross-country absorbed power-speed relations

for the M520E1 with and without the towed artillery. The open symbols

represent data obtained at Fort Sill with the XM198. The closed symbols

represent data obtained in a previous program at Fort Hood, Texas, with

the M520EI operating without a towed load. The intermingling of the

data again reflects that, as with the standard cargo vehicles, there is

no effect of the towed load on the prime mover. Two separate relations

are illustrated by the two lines drawn through the data. One relation

is for data on the courses with surface roughness values ranging from

0.87 to 2.0 in. (rms) and the other for those with surface roughness

values of 0.50 and 0.69 in. (rms).

23. The results of the M561 tests were not as well defined as

those for the M35A2, M813, and M520E1 configurations. The absorbed

power-speed data for the cross-country courses are plotted in Figure

C14. Unfortunately, because of rain and vehicle breakdowns, tests with

the M1561 were restricted to only three of the six cross-country courses.

The data reflect those obtained in the Fort Sill tests with the M561

pulling the M102 and those obtained in a previous program at Fort Hood

with the M561 operating without a towed load. The data separate by

surface roughness. Since the surface roughnesses of the courses at Fort

Hood were different from those at Fort Sill, direct comparisons could

not be made on the basis of the absorbed power-speed relations.

Consequently, comparisons were made on the basis of the ride-limiting

speed (the speed at which the 6-watt absorbed power level occurred)
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Figure C9. Vertical absorbed power-speed relations for M35A2
configurations on course FSCC2
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Figure CIO. Vertical absorbed power-speed relations for M35A2
configurations on course FSCC3
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Figure Cll. Vertical absorbed power-speed relations for M813 con-
figurations on course FSCC2
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versus surface roughness relation (Figure C15). Only two points were

available from the Fort Sill tests since two of the courses were of

about the same level of roughness and produced similar ride responses

(see Figure C14). These two points, along with the three obtained from

the Fort Hood tests, are plotted with the curve representing the

established ride relation for the M561 operating without a towed load.

This curve was established from the results of the Fort Hood tests.

A deviation from the curve of less than 2 mph is noted for one of the

Fort Sill test coordinates; the other falls very close to the curve.

This deviation is within the accepted data scatter since it has been

established from other test data that variations of 2 mph are not

significant. Although the data for this configuration are meager, it is

felt justified to assume there is no effect of the towed load on ride

quality.

24. Experimental ride data are completely non-existent for self-

propelled artillery. Consequently, a rather extensive testing program

was anticipated with the Ml09Al and MllOEl self-propelled pieces to

define ride relations for those type of vehicles. Although a sub-

stantial number of tests were conducted with each of these vehicles, the

results were not as definitive as had been desired. On most courses,

the 6-watt tolerance limit was not reached because the approaches limited

the vehicles' top speeds. Both the data and comments of the drivers

confirmed that the two vehicles had similar ride characteristics. The

similarity in the ride of the two vehicles is illustrated in Figure C16

by the absorbed power-speed plots which represent the results for the

two vehicles operating on a cross-country and two trail courses. These

are the only courses that produced any significant levels of absorbed

power. By assuming that the vehicles had the same ride characteristics,

ride relations were developed by extrapolating the data and using

judgment based on past experience. The resulting relations for cross-

country and trails are shown in Figure C17. The ride relations for the

other vehicles tested in this program are shown in Figures C18-C21. A

distinction is made between cross-country courses and trail courses, and

separate relations are drawn because past experience with ride tests on
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cross-country and trail courses, or other such surfaces conditioned by

repetitive vehicular traffic, has revealed that trail courses generally

permit higher speeds for corresponding levels of ride and surface

roughness. Repetitive vehicular traffic on trails, particularly that of

heavy track-laying vehicles, tends to smooth out the high-frequency

components in the terrain surface, which excite the vehicle suspensions

in their sensitive frequency regions and constitute a large portion of

the vibrational energy transmitted to the vehicle's main frame. The

relations chosen by the Army Mobility Model in mobility predictions

depend on the type of surface over which the vehicle is traveling. A

complete listing of the ride relations for the various configurations

considered in this study are listed for cross-country, and roads and

trails, respectively in Table B5-B6 of Appendix B. The ride data

collected during this study are listed for each vehicle on each course

tested in Table Cl. The side-to-side, fore-to-aft, and total absorbed

power are listed also.

25. Since these tests confirmed there were no significant

influences on ride quality due to the towed loads, the ride relations

established for the prime movers from the large bank of existing data

were used in this study because they represent a broader range of

terrain conditions.

Shock tests

26. The shock tests were limited by the inability of both the

M102 and the XM198 to cross the obstacles without damage. The data

collected are listed in Table C2. These data indicate only the number

of peak accelerations falling within six selected intervals ranging from

1 to 4 g. Only rarely was the 2.5-g shock limit reached because the

speeds were limited by the towed artillery. These data are not suffi-

cient to draw any reliable conclusions concerning shock responses.

Consequently, the shock relations characterized for the prime movers

from previous data bases were used in this study. Shock responses for

the self-propelled artillery were judiciously determined from existing

shock relations of similar vehicles. The relations used in this study

are listed in Table B4.
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27. Tire and rim damage were predominant problems with the towed

artillery. Over the rough cross-country and trail courses their severe

motion limited speeds to not more than 15 mph. These limits were not

considered in the mobility predictions, but it is suggested that more

testing should be considered to develop relations for these limits in

terms of speed and surface roughness.
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Table Cl

Ride Data

Total
Average Absorbed Average

Power, watts Absorbed

Course Test Roughness Speed Side- Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

M35A2-XMl98

CC-2 0104 1.74 8.8 5.8 3.3 3.8 12.9
0105 20.8 14.0 3.9 6.9 24.8
0106 13.8 16.1 6.7 11.3 34.1
0107 12.9 11.7 5.2 7.5 24.4
0108 14.5 19.9 4.8 13.7 38.4
0109 4.8 1.8 2.9 1.6 6.3

CC-3 0001 0.92 * * * * *

0002 10.2 6.7 4.5 3.1 14.3
0003 8.2 3.6 4.5 1.9 10.0
0004 14.3 10.1 3.6 4.5 18.2
0005 * * * * *

0006 4.8 0.8 2.0 0.7 3.5
0007 19.5 10.3 7.6 5.4 23.3
0008 6.3 2.7 2.9 2.6 8.2
0009 21.1 12.7 7.6 7.0 27.3
0010 10.8 6.5 4.1 2.8 13.4
0011 20.9 12.2 5.5 6.4 24.3
0012 11.8 6.6 3.3 2.6 12.5
0013 18.3 9.9 6.4 4.8 21.1
0014 * * * * *

0015 * * * * *

CC-4 0115 0.69 14.6 4.8 1.7 2.5 9.0
0116 10.7 3.9 1.5 2.0 7.4
0117 8.7 2.7 1.3 1.8 5.8
0118 20.4 6.3 2.1 7.8 16.2
0119 7.0 2.0 1.2 1.5 4.7
0120 4.9 0.9 1.1 0.7 2.7

CC-5 0090 0.87 8.9 3.6 1.4 2.4 7.4
0091 7.5 3.8 2.3 2.8 8.9
0092 15.0 5.0 2.2 2.9 10.1
0093 4.8 1.7 2.1 1.4 5.2
0094 15.9 5.0 2.2 4.0 11.2
0095 21.1 9.0 2.8 5.5 17.3

* Data voided on these tests. (Sheet 1 of 16)



Table Cl (Continued)

TotalAverage Absorbed Average
Power, watts AbsorbedCourse Test Roughness Speed Side Fore- Power,No. No. rms mph Vertical to-Side to-Aft watts

M35A2-XMI98 (Continued).
CC-6 0096 1.29 14.5 14.5 6.2 9.2 29.90097 * . , * *

0098 16.4 16.9 6.6 13.0 36.50099 10.5 11.3 5.3 5.9 22.50100 14.4 13.9 6.1 9.9 29.90101 8.4 7.7 3.9 4.9 16.50102 4.8 2.4 2.8 2.0 7.20103 7.6 5.2 3.7 3.1 12.0
T-1 0078 1.24 8.7 1.9 5.6 1.4 8.90079 12.6 6.0 6.4 5.6 18.00080 • , , • ,

0081 10.5 4.1 6.0 2.5 12.60082 15.2 15.7 7.3 16.5 39.50083 12.4 6.1 6.2 5.0 17.3
T-2 0072 0.51 20.9 4.9 1.2 2.1 8.20073 24.6 4.9 2.0 2.8 9.70074 14.8 3.7 1.2 1.5 6.40075 30.1 4.6 1.5 1.9 8.00076 10.8 2.4 1.0 1.3 4.70077 8.9 2.1 0.6 0.7 3.4

T-3 0066 1.01 8.7 1.9 2.1 1.1 5.10067 14.8 6.6 4.3 5.2 16.10068 12.1 3.3 3.3 2.0 8.60069 14.7 6.7 4.7 4.7 16.10070 21.5 15.8 5.1 21.8 42.70071 17.8 9.1 4.7 19.3 33.1
T-4 0084 1.44 8.7 4.2 2.2 3.0 9.40085 16.2 6.3 4.0 8.6 18.90086 20.5 15.5 3.3 14.5 33.30087 4.8 0.7 1.9 1.2 3.80088 14.4 8.6 4.3 6.4 19.30089 6.5 2.0 2.0 2.0 6.0

(Continued) (Sheet 2 of 16)



Table Cl (Continued)

TotalAverage Absorbed Average
Power, watts Absorbed

Course Test Roughness Speed Side Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

M35A2-XM198 (Continued)

SR-I 0110 0.09 33.3 0.6 0.0 0.0 0.60111 21.5 0.9 0.0 0.3 1.20112 37.9 0.6 0.1 0.0 0.70113 17.7 0.8 0.0 0.1 0.90114 10.7 0.4 0.0 0.0 0.4

M35A2-•102

CC-2 0025 1.74 * * , * *
0026 4.7 2.9 3.5 1.6 8.0
0027 8.7 7.0 4.2 3.5 14.70028 10.4 7.4 3.8 2.9 14.10029 14.7 18.7 4.7 7.6 31.0
0030 12.6 10.0 3.6 3.7 17.30031 12.0 8.9 3.2 3.3 15.40032 7.1 4.3 3.6 2.6 10.50033 14.7 18.8 4.9 7.0 30.7

CC-3 0016 0.92 12.5 6.6 3.7 1.8 12.10017 8.5 4.0 3.9 1.7 9.60018 16.5 10.0 6.2 4.0 20.2
0019 4.7 0.6 2.1 0.3 3.00020 20.5 12.3 6.3 3.9 22.50021 6.0 1.1 2.7 0.4 4.20022 24.1 13.8 3.5 3.5 20.80023 10.2 5.5 3.8 1.8 11.1
0024 24.4 13.9 3.2 3.6 20.7

CC-4 0146 0.69 14.5 3.6 1.4 1.1 6.10147 21.0 5.1 2.8 2.4 10.3
0148 21.8 6.6 1.9 3.0 11.50149 24.4 5.3 2.2 2.5 10.0
0150 11.2 2.9 1.1 1.1 5.10151 18.1 5.0 2.3 2.6 9.9

CC-5 0047 0.87 * * * , ,
0048 8.7 4.1 2.6 1.7 8.40049 15.2 6.2 1.3 1.8 9.30050 12.1 6.4 1.4 2.1 9.90051 12.9 5.1 1.3 1.4 7.8

(Continued) (Sheet 3 of 16)



Table Cl (Continued)

Total
Average Absorbed Average

Power, watts Absorbed

Course Test Roughness Speed Side Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

M35A2-M102 (Continued)

"CC-s 0052 0.87 17.3 6.1 1.5 2.3 9.9
0053 4.8 1.7 2.3 1.1 5.1

CC-6 0034 4.8 2.8 3.1 1.6 7.5
0035 8.4 9.5 5.0 2.6 17.1
0036 10.8 7.8 4.1 2.5 14.4
0037 6.5 4.7 3.5 2.1 10.3
0038 14.5 13.4 4.9 5.5 23.8
0039 12.2 14.6 4.3 4.3 23.2
0040 10.1 8.3 - - -

0041 - - -

0042 - - - -

0043 13.1 11.7 5.2 4.4 21.3
0044 9.8 7.1 4.5 2.7 14.3

T-1 0139 1.24 - - - -

0140 14.7 9.8 0.6 5.6 25.0
0141 8.9 2.4 5.0 1.1 8.5
0142 - - -
0143 12.5 5.5 5.9 2.0 13.4
0144 .-..
0145 - - -

T-2 0060 0.51 14.9 1.8 0.7 0.3 2.8
0061 - - - - -
0062 24.1 4.6 2.4 1.8 8.8
0063 31.0 3.3 1.5 0.9 5.7
0064 19.5 4.6 1.9 2.1 8.6
0065 27.3 4.1 1.9 1.6 7.6

T-3 0054 1.01 8.8 1.8 1.7 0.7 4.2
0055 15.0 5.9 2.9 2.1 10.9
0056 12.5 3.4 2.5 1.5 7.4
0057 20.7 12.4 3.9 6.8 23.1
0058 16.9 7.6 3.1 3.8 14.5
0059 25.3 18.1 4.1 10.0 32.2

T-4 0133 1.44 15.0 9.0 6.1 4.5 19.6
0134 8.9 3.7 2.4 3.0 9.1
0135 - - - -

((Sheet 4 of 16)(Continued) C•



Table Ci (Continued)

TotalAverage Absorbed Average
Power, watts AbsorbedCourse Test Roughness Speed Side Fore- Power,No. No. rms MPh Vertical to-Side to-Aft watts

M35A2-M102 (Continued)

T-4 0136 1.44 6.6 2.3 2.4 2.2 6.90137 19.8 11.2 4.2 6.3 21.70138 12.4 7.0 3.3 3.6 13.9
SR-I 0152 0.09 31.0 0.3 0.0 0.0 0.30153 42.0 0.2 0.0 0.0 0.20154 21.1 0.4 0.0 0.0 0.40155 15.2 0.3 0.0 0.0 0.3

M813
CC-2 0254 1.74 12.0 8.9 5.4 3.6 17.90255 15.9 17.4 5.3 6.0 28.70256 12.7 8.0 4.8 2.9 15.70257 7.8 7.0 5.2 3.0 15.20258 9.2 6.4 4.7 3.4 14.50259 4.9 2.7 4.7 1.0 8.40260 7.2 4.8 3.7 2.3 10.8

CC-3 0231 0.92 11.6 5.3 5.1 2.3 12.70232 6.4 1.7 4.1 0.7 6.50233 14.9 6.7 4.3 3.7 14.70234 17.5 13.2 7.7 6.2 27.10235 IS.7 9.9 5.2 3.8 18.90236 8.2 6.4 5.6 2.6 14.60237 8.6 5.9 4.9 2.3 13.10238 3.5 0.2 2.6 0.4 3.20239 9.7 7.5 6.1 2.4 16.0
CC-4 0297 0.69 21.3 11.2 2.8 3.8 17.80298 17.6 4.0 2.6 1.9 8.50299 19.1 6.6 2.1 2.4 11.10300 13.6 2.9 2.0 1.4 6.30301 8.3 2.5 1.2 1.1 4.80302 4.9 1.2 1.7 0.3 3.2
Cc-S 0240 0.87 19.9 9.5 3.6 3.3 16.40241 9.4 3.9 3.3 2.5 9.70242 21.8 13.4 2.9 3.2 19.5

(Continued) (Sheet 5 of 16)



Table Cl (Continued)

Total
Average Absorbed Average

Power, watts Absorbed
Course Test Roughness Speed Side Fore- Power,

No. No. rms mph Vertical to-Side to-Aft watts

M813 (Continued)

CC-s 0243 0.87 12.5 5.6 3.2 2.3 11.1
0244 15.9 4.6 2.9 3.0 10.5
0245 6.2 2.7 3.6 1.2 7.5
0246 17.6 8.5 4.6 3.3 16.4
0247 14.7 5.2 2.7 2.7 10.6

CC-6 0248 1.29 11.9 8.5 8.4 4.2 21.1
0249 14.3 15.3 11.5 3.6 30.4
0250 12.5 8.7 7.7 2.9 19.3
0251 8.4 4.2 5.6 2.7 12.5
0252 9.1 6.2 6.8 3.0 16.0
0253 4.8 1.9 3.6 0.9 6.4

T-1 0269 1.24 10.1 5.5 8.5 2.4 16.4
0270 12.4 6.4 9.6 2.5 18.5
0271 - - = - -

0272 - - - -

0273 15.3 20.4 11.6 5.6 38.6
0274 12.8 7.7 10.5 2.2 20.4
0275 7.1 1.5 7.3 0.8 9.6
0276 8.1 1.9 8.6 1.7 12.2
0277 12.2 8.1 9.6 2.4 20.1

T-2 0278 0.51 20.7 4.0 2.7 1.1 7.8
0279 26.2 s.1 2.4 1.5 9.0
0280 30.5 4.9 3,1 2.5 10.5
0281 32.7 7.2 2.6 2.4 12.2
0282 10.0 1.6 1.0 0.4 3.0
0283 22.5 4.0 2.1 1.4 7.5
0284 15.4 2.3 1.5 1.2 5.0

T-3 0285 1.01 21.1 23.2 7.1 6.8 37.1
0286 18.4 18.9 5.9 3.2 28.0
0287 14.8 7.8 3.7 2.6 14.1
0288 15.5 5.3 3.2 1.7 10.2
0289 12.5 4.5 3.4 1.5 9.4
0290 6.2 0.7 1.8 0.3 2.8
0291 9.1 2.4 2.1 1.0 5.5

(Continued) (Sheet 6 of 16)



Table C1 (Continued)

Total
Average Absorbed Average

Power, watts Absorbed

Course Test Roughness Speed Side Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

11813 (Continued)

T-4 0261 1.44 5.7 1.1 3.8 0.5 5.4
0262 8.3 4.2 3.5 2.0 9.7
0263 10.1 7.6 5.1 2.5 15.2
0264 12.0 4.6 5.3 2.9 12.8
0265 11.8 6.9 6.7 3.2 16.8
0266 14.4 8.3 6.4 4.7 19.4
0267 17.8 18.1 5.0 5.9 29.0
0268 9.9 5.1 4.9 2.7 12.7

SR-i 0292 0.09 44.0 0.2 0.2 0.2 0.6
0293 32.9 0.4 0.1 0.0 0.5
0294 23.9 0.9 0.1 0.0 1.0
0295 13.0 0.4 0.1 0.0 0.5
0296 18.8 0.8 0.0 0.1 0.9

M813-XC198

CC-2 0181 1.74 10.1 6.9 3.6 2.3 12.8
0182 6.9 5.4 4.5 1.9 11.8
0183 11.9 8.6 5.5 3.7 17.8
0184 13.2 11.9 5.9 4.3 12.1
0185 8.2 5.2 3.8 2.3 11.3
0186 5.0 2.3 3.8 0.8 6.9

CC-3 0157 0.92 12.2 5.0 4.9 1.8 11.7
0158 7.2 4.5 3.7 1.2 9.4
0159 15.0 6.1 4.8 2.9 13.8
0160 Iduplicate 4.9 0.9 3.5 0.4 4.8
0160 test no. 21.8 9.8 6.8 4.6 21.8
0161 7.1 5.1 4.3 1.2 10.6
0162 7.2 4.3 4.7 1.3 10.3
0163 9.4 8.9 5.7 2.1 16.7
0164 9.8 8.9 5.3 2.5 16.7
0165 11.8 7.2 6.3 2.2 15.7

CC-4 0219 0.69 14.6 4.1 1.7 1.1 6.9
0220 20.4 6.2 2.5 3.0 11.7
0221 10.1 4.1 1.2 1.3 6.6

(Continued) (Sheet 7 of 16)



Table Cl (Continued)

Total
Average Absorbed Average

Power, watts Absorbed

Course Test Roughness Speed Side- Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

M813-W198 (Continued)

CC-4 0222 0.69 7.1 2.1 1.1 0.8 4.0
0223 16.4 4.2 2.0 1.4 7.6

CC-S 0167 0.87 6.4 2.8 3.3 1.2 7.3
0168 11.6 5.6 2.9 2.3 10.8
0169 19.7 6.9 2.6 2.9 12.4
0170 7.0 4.4 3.7 1.5 9.6
0171 20.9 9.2 3.1 4.0 16.3
0172 15.9 4.4 2.3 1.6 8.3
0173 11.7 5.3 4.1 2.4 11.8
0174 15.6 5.6 2.9 2.3 10.8

CC-6 0175 1.29 11.8 10.1 7.7 4.5 22.3
0176 6.9 4.6 3.6 1.8 10.0
0177 15.4 13.1 8.3 5.0 26.4
0178 9.2 6.2 8.6 2.4 17.2
0179 12.5 11.0 8.8 5.1 24.9
0180 4.9 2.3 3.4 0.9 6.6

T-1 0196 1.24 9.2 2.3 8.7 1.1 12.1
0197 12.6 5.6 10.7 2.3 18.6
0198 15.4 11.9 14.1 6.2 32.2
0199 12.3 7.7 11.4 4.2 23.3
0200 - - - - -

0201 13.0 7.6 10.3 2.1 20.0
0202 15.3 17.0 12.8 3.6 33.4

T-2 0203 0.51 20.7 3.7 2.9 0.7 7.3
0204 23.8 7.0 2.4 1.2 10.6
0205 27.6 3.0 2.6 1.6 7.2
0206 12.5 1.8 1.1 0.5 3.4
0207 15.6 2.1 1.5 0.5 4.1
0208 23.8 7.7 2.1 1.6 11.4
0209 31.5 3.5 2.0 1.5 7.0

T-3 0210 1.01 19.5 17.3 5.6 9.1 32.0
0211 6.2 0.8 1.6 0.3 2.7
0212 11.7 3.4 3.2 1.1 7.7

(Continued) (Sheet 8 of 16)



Table Cl (Continued)

Total
Average Absorbed Average

Power, watts Absorbed

Course Test Roughness Speed Side- Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

M813-XI198 (Continued)

T,3 0213 1.01 14.9 6.7 4.1 2.2 13.0
0214 18.1 11.9 5.3 5.0 22.2

T-4 0187 1.44 9.4 6.6 5.7 3.0 15.3
0188 11.1 5.4 4.8 2.2 12.4
0189 12.7 6.0 6.5 2.8 15.3
0190 6.3 2.6 2.7 1.1 6.4
0191 14.6 7.5 7.0 2.9 17.4
0192 7.6 4.8 2.7 1.7 9.2
0193 9.6 9.5 4.7 2.4 16.6
0194 10.9 4.6 5.7 2.1 12.4
0195 8.2 6.9 3.8 2.1 12.8

SR-1 0215 0.09 43.3 0.5 0.0 0.2 0.7
0216 30.3 0.8 0.1 0.0 0.9
0217 24.6 0.9 0.0 0.1 1.0
0218 19.3 0.4 0.1 0.1 0.6

M520-XMI98

CC-2 0348 1.74 8.9 12.2 9.9 17.0 39.1
0349 7.9 9.1 11.7 10.7 31.5
0350 6.5 4.5 9.2 5.1 18.8
0351 6.0 3.0 10.3 4.4 17.7
0352 5.1 2.0 6.2 1.7 9.9
0353 4.7 1.6 9.0 1.6 12.2

CC-3 0312 0.92 6.8 2.6 4.1 9.2 15.9
0313 - - - --

0314 9.3 12.2 3.6 24.5 40.3
0315 7.4 6.0 10.4 12.9 29.3
0316 - - - -

0317 5.7 1.6 5.8 3.5 10.9
0318 9.9 12.0 5.9 17.7 35.6
0319 6.9 4.1 9.8 10.6 24.5

CC-4 0339 0.69 11.2 2.6 3.9 3.0 9.5
0340 6.7 0.9 2.8 0.9 4.6
0341 17.6 13.6 5.5 8.3 27.4

(Continued) (Sheet 9 of 16)



Table Cl (Continued)

Total1

Average Absorbed Average
Power, watts Absorbed

Course Test Roughness Speed Side- Fore- Power
No. No. rms -mh Vertical to-Side to-Aft watts

M520-XM198 (Continued)

CC-4 0342 0.69 13.8 8.1 4.7 9.8 22.6
0343 11.2 2.9 3.2 3.5 9.6

CC-5 0321 0.87 4.7 1.5 5.3 2.3 9.1
0322 7.0 3.8 3.9 6.4 14.1
0323 5.9 3.0 5.0 5.1 13.1
0324 - - - - -

0325 9.9 12.1 5.7 22.0 39.8
0326 - - - - -

0327 8.0 5.8 5.3 9.6 20.7

CC-6 0328 1.29 6.7 5.3 - - -

0329 6.3 3.8 12.2 6.5 22.5
0330 6.5 5.1 - -

0331 10.2 10.9 - -

0332 6.8 4.6 - -

0333 10.2 8.9 - -

CC-6 0344 1.29 10.5 14.0 14.3 14.9 43.2
0345 8.9 5.2 9.4 8.4 23.0
0346 10.1 11.0 13.5 9.4 33.9
0347 5.6 1.6 8.7 1.6 11.9

T-1 0363 1.24 11.8 9.0 22.4 11.6 43.0
0364 12.0 13.4 29.1 11.1 53.6
0365 9.6 2.8 18.9 3.1 24.8
0366 9.5 11.6 25.8 17.8 55.2
0367 10.9 5.5 19.1 4.7 29.3
0368 5.5 0.5 15.2 1.2 16.9
0369 7.2 0.9 12.9 1.6 15.4

T-2 0371 0.51 10.8 1.4 1.9 1.8 5.1
0372 13.3 9.6 3.8 22.5 35.9
0373 12.0 4.0 2.2 5.7 11.9
0374 15.6 7.5 3.5 5.4 16.4
0375 14.3 6.2 3.0 11.2 20.4
0376 17.0 6.5 4.1 4.2 14.8
0377 17.3 7.4 4.2 5.4 17.0
0378 20.9 9.8 4.3 11.9 26.0
0379 24.6 11.9 8.0 21.0 40.9

(Continued) 7! (Sheet 10 of 16)



Table Cl (Continued)

TotalAverage Absorbed Average
Power, watts AbsorbedCourse Test Roughness Speed Side- Fore- PowerNo. No. rms mph Vertical to-Side to-Aft watts

X 520-XM198 (Continued)
T-3 0380 1.01 15.6 38.2 18.5 12.1 68.8

0381 11.1 4.9 6.6 7.4 18.90382 12.3 9.7 7.7 23.3 40.70383 9.9 4.9 6.6 3.3 14.80384 13.8 54.3 34.5 21.7 110.5
0385 6.5 0.6 4.6 0.9 6.10386 6.9 1.7 4.7 1.8 8.2

T-4 0354 1.44 6.1 4.7 5.7 6.0 16.40355 6.8 4.3 6.7 6.7 17.70356 7.6 5.0 6.0 7.2 18.20357 7.4 6.0 8.9 7.3 22.20358 9.2 11.8 8.1 13.0 32.90359 4.3 0.2 5.4 0.5 6.10360 5.1 0.9 5.9 1.3 8.10361 7.2 5.6 10.4 7.5 23.50362 11.0 11.4 9.9 15.5 36.8
SR-i 0334 0.09 32.5 0.5 0.2 0.4 1.080335 19.8 0.4 0.1 0.2 0.730336 11.3 0.04 0.0 0.0 0.040337 22.73 0.7 0.2 2.6 3.460338 25.98 0.5 0.1 0.3 0.88

CC-2 ** M561-M102
CC-3 0408 0.92 7.4 0.9 0.3 2.6 3.80409 11.3 3.5 1.5 6.5 11.50410 15.0 4.1 1.4 1.9 7.40411 16.6 8.1 1.4 3.5 13.00412 17.1 6.0 2.4 3.0 11.40413 10.5 3.3 2.8 4.8 10.90414 8.3 1.7 2.3 3.8 7.8
CC-4 **

(Continued) (Sheet 11 of 16)



Table Cl (Continued)

Average Absorbed Average

Power, watts AbsorbedCourse Test Roughness Speed Side- Fore- PowerNo. No. rms mph Vertical to-Side to-Aft watts

M561-M102 (Continued)
CC-S 0415 8.5 2.6 1.9 3.5 8.00416 12.1 4.3 1.0 4.9 10.20417 16.8 6.2 0.7 3.9 10.80418 6.3 1.5 1.8 2.1 S.40419 9.9 3.0 1.4 4.0 8.40420 3.7 0.5 1.4 0.8 2.7
CC-6 0421 8.2 3.0 2.9 5.6 11.50422 4.9 1.5 1.5 2.6 5.60423 12.2 7.4 3.6 9.2 20.20424 9.0 4.5 2.7 4.4 11.6
T-1 0398 8.3 0.9 3.4 3.7 8.00399 12.0 3.7 2.5 7.9 14.10400 16.4 6.6 3.1 5.4 1S.10401 11.9 3.2. 2.2 7.6 13.00402 10.0 1.7 4.2 4.7 10.6
T-2 0393 19.1 2.1 0.7 2.1 4.90394 32.0 3.0 0.5 2.2 S.70395 16.0 1.6 0.6 1.2 3.40396 26.2 2.8 0.9 4.1 7.80397 8.4 0.0 0.2 0.5 0.7
T-3 0387 8.5 0.S 1.3 2.0 3.80388 16.5 4.8 1.4 4.0 10.20389 12.5 2.1 1.3 3.7 7.10390 21.8 9.5 2.6 7.1 19.20391 16.5 4.0 2.3 3.1 9.40392 19.7 7.7 2.1 6.1 1S.9

T-4 0403 8.4 1.8 3.4 3.8 9.00404 10.6 3.9. 2.1 8.0 14.00405 12.S 3.6 3.0 2.1 8.70406 14.8 6.5 2.1 6.0 14.60407 6.S 0.5 1.7 1.7 3.9

(Continued) (Sheet 12 of 16)



Table Cl (Continued)

TotalAverage Absorbed Average
Power, watts AbsorbedCourse Test Roughness Speed Side- Fore- Power,

No. No. rms mp Vertical to-Side to-Aft watts

M1O9AI
CC-2 0486 1.74 14.1 4.2 1.3 1.9 7.40487 15.0 4.2 1.8 2.8 8.80488 18.8 5.9 2.3 0.8 9.00489 15.2 3.7 1.9 0.6 6.20490 7.6 2.4 0.9 2.0 5.30491 10.4 2.9 1.3 0.4 4.6
CC-3 0466 0.92 10.6 1.0 0.3 0.2 1.50467 14.0 2.5 1.3 0.7 4.50468 21.1 2.7 0.2 0.6 3.50469 18.6 3.5 0.8 0.4 4.70470 22.7 2.6 1.1 0.2 3.90471 6.6 0.6 0.5 0.3 1.4
CC-4 0430 0.69 6.2 0.7 0.1 0.3 1.1

0431 11.2 1.4 0.2 0.1 1.70432 18.4 2.0 0.3 0.4 2.70433 21.S 3.3 0.9 0.2 4.40434 20.4 1.6 0.1 0.0 1.70435 22.2 2.5 0.3 0.0 2.80436 16.7 1.5 0.2 0.2 1.90437 22.5 2.2 0.7 0.1 3.0
CC-S 0472 0.87 6.0 3.3 0.8 1.9 6.00473 9.0 3.6 0.6 0.3 4.5

0474 15.9 3.7 1.1 0.9 5.70475 5.4 2.2 0.6 1.8 4.60476 21.3 3.6 1.6 0.8 6.00477 12.0 3.4 0.8 0.5 4.70478 15.4 2.9 0.9 0.6 4.40479 6.4 2.5 0.6 1.6 4.7
CC-6 0480 1.29 14.0 3.6 1.5 1.2 6.30481 12.8 4.2 1.7 1.2 7.10482 18.6 4.5 2.1 1.0 7.60483 10.0 4.7 1.9 0.5 7.10484 18.3 4.7 1.3 0.2 6.20485 6.1 2.9 0.9 3.3 7.1

(Continued) (Sheet 13 of 16)



Table Cl (Continued)

Total
Average Absorbed Average

Power, watts AbsorbedCourse Test Roughness Speed Side- Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

4109AI (Continued)
T-1 0452 1.24 6.3 0.4 0.6 0.4 1.4

0453 * . . . *
0454 16.1 2.5 2.6 0.2 5.30455 23.0 3.3 6.1 0.4 9.80456 14.9 1.8 2.2 0.9 4.90457 22.7 2.9 8.7 0.4 12.00458 12.4 1.8 2.0 0.5 4.3

T-2 0445 0.51 13.5 0.5 0.0 0.0 0.50446 19.5 1.7 0.5 0.3 2.50447 21.3 1.2 0.2 0.0 1.40448 27.3 1.9 0.4 0.1 2.4S0449 21.1 1.2 0.3 0.0 1.50450 26.9 1.4 0.4 0.0 1.80451 11.3 1.1 0.2 0.0 1.3
T-3 0438 1.01 6.9 0.2 0.0 0.2 0.40439 13.3 1.4 0.7 0.3 2.40440 20.9 2.3 1.6 0.0 3.90441 23.5 4.4 1.5 0.3 6.20442 17.2 3.1 0.8 0.8 4.70443 23.0 4.7 1.2 0.2 6.10444 21.8 3.6 1.5 0.0 5.1
T-4 0459 1.44 8.5 1.6 0.5 0.2 2.30460 15.1 5.2 0.8 1.5 7.50461 15.1 6.2 0.5 2.7 9.4,0462 18.9 8.9 0.7 4.7 14.30463 12.0 3.6 0.6 1.1 5.30464 16.2 6.4 1.2 1.9 9.50465 6.5 0.8 0.3 0.5 1.6

SR-I 0426 0.09 24.6 0.1 0.0 0.1 0.20427 17.8 0.2 0.0 0.1 0.30428 13.1 0.3 0.1 0.1 0.50429 5.1 0.0 0.1 0.1 0.2

MllOE2
CC-2 0504 1.74 5.0 1.5 1.4 2.3 5.2

0505 8.0 1.5 0.9 0.8 3.20506 8.6 1.8 1.3 0.9 4.0
(Continued) (Sheet 14 of 16)&47



Table Cl (Continued)

Tota a
Average Absorbed Average

Power, watts AbsorbedCourse Test Roughness Speed Side- Fore- Power,
No. No. rms mph Vertical to-Side to-Aft watts

MIlOE2 (continued)
CC-2 0528 1.74 5.5 1.5 1.5 1.8 4.8

0529 9.2 3.0 1.6 2.0 6.60530 18.7 9.9 3.8 1.9 15.60531 14.6 3.7 2.2 1.8 7.70532 16.2 4.0 2.6 2.3 8.90533 16.2 5.1 2.1 0.7 7.9
CC-3 0492 0.92 5.4 0.1 0.3 0.2 0.60493 8.2 0.2 0.2 0.2 0.60494 14.3 0.7 0.6 0.3 1.60495 14.8 0.9 0.5 0.0 1.40496 16.5 0.7 0.4 0.2 1.30497 11.8 0.2 0.1 0.0 0.30498 17.0 0.8 0.5 0.3 1.6
CC-4 No 0.69

data
CC-St 0492 0.87 9.2 1.4 0.5 0.4 2.30493 5.3 1.3 1.0 1.6 3.90494 15.3 1.6 1.0 0.7 3.30495 5.4 0.8 0.7 1.0 2.50496 20.1 1.9 0.9 0.1 2.9
CC-6 0499 1.29 5.5 1.2 1.7 1.7 4.60500 9.0 1.5 1.1 1.0 3.60501 15.3 1.8 1.1 0.7 3.60502 12.0 1.9 1.5 0.6 4.00503 17.5 2.2 2.1 0.9 5.2

0534 (no test)
T-1 0518 1.24 5.8 0.3 0.9 0.5 1.70519 15.7 2.1 3.4 1.1 6.60520 9.4 1.1 2.7 0.9 4.70521 18.9 4.5 3.7 1.0 9.20522 22.5 4.4 5.1 1.0 10.5

(Continued) (Sheet 15 of 16)



Table Cl (Concluded)

'total
Average Absorbed Average

Power, watts AbsorbedCourse Test Roughness Speed - ' Side- Fore- Power,No. No. rms Mph Vertical to-Side to-Aft watts

MlIOE2 (Continued)
T-2 0514 0.51 6.0 0.1 0.0 0.0 0.10515 25.6 1.2 1.0 0.1 2.30516 15.6 0.8 0.3 0.3 1.40517 20.9 1.1 0.3 0.1 1.5
T-3 0508 4.7 0.2 0.0 0.1 0.30509 7.9 0.3 0.3 0.5 1.10510 15.2 2.0 0.9 0.9 3.80511 19.5 2.9 1.1 0.7 4.70512 18.9 2.8 0.9 0.5 4.20513 24.1 5.6 1.9 1.3 8.8
T-4 0523 6.0 1.2 1.0 1.0 4.00524 9.5 1.8 1.1 1.4 4.30525 15.2 4.5 0.8 1.9 7.20526 17.8 5.1 2.7 0.9 8.70527 21.6 11.3 1.1 1.9 14.3

(Sheet 16 of 16)



Table C2

Obstacle Height-Speed Data

No. of Occurrences

Test Obstacle Time Speed Peak Acceleration Levels, g
No. Height, in. sec mph >W.,15 >15<. >2.0~.0.5 >2.5g31 ?304 >4

M35A2-XM198

121 6 14.9 1 0 0 0 0 0
122 6 14.2 1 0 0 0 0 0
123 6 8.2 2 0 0 0 0 0
124 6 6.2 2 1 0 0 0 0

125 8 14.3 0 1 0 0 0 0
126 8 11.2 2 2 0 0 0 0
127 8 8.0 2 2 1 0 0 0
128 8 6.1 3 2 0 0 0 0
129 8 5.4 2 0 1 0 0 0

130 12 14.3 3 0 1 0 0 0
131 12 11.2 6 0 1 0 0 0
132 12 9.1 2 3 1 0 0 0

M35A2-MI02

156 6 14.4 1 0 0 0 0 0
(bent rims on M102)

M813-XM198

224 12 19.4 3.5 3 0 0 0 0 0
225 12 11.8 5.8 1 5 2 2 0 0

226 8 11.8 5.8 6 0 1 0 0 0
227 8 9.6 7.1 5 1 2 0 0 0
228 8 7.5 9.1 3 5 0 0 0 0
229 8 5.5 12.4 5 3 1 1 0 0
230 8 4.7 14.5 3 4 0 1 1 0

M81 3

303 12 13.0 5.2 7 0 2 0 0 0

304 8 6.3 10.8 3 0 2 0 0 0
305 8 4.9 13.9 3 2 0 2 0 0
306 8 6.1 11.2 1 4 0 1 0 0

307 6 2.3 29.7 4 0 0 1 0 0
308 6 2.2 31.0 4 0 1 1 0 0
309 6 2.5 27.3 2 1 2 1 0 0
310 6 2.7 25.3 3 0 1 1 0 0
311 6 2.8 24.4 1 0 1 0 0 0

(Continued) (Sheet 1 of 2)



Table C2. (Concluded)

No. of" 'OccurrencesTest Obstacle Time Speed Peak Acceleration Levels, gNo. Height, in. sec mph -O:l .512.0 >2.0VIZ5 >2. 50 >3%4 74

M109AI.
492 6 10.0 6.8 0 0 0 0 0 0493 6 S.1 13.4 0 0 0 0 0 0494 6 2.9 23.5 2 0 0 0 0 0495 6 2.7 25.2 0 0 0 0 0 0
496 8 9.6 7.1 0 0 0 0 0 0497 8 5.3 12.9 0 0 0 0 0 0498 8 3.5 19.5 0 0 0 0 0 0499 8 2.7 25.2 0 0 0 0 0 0Soo 8 2.7 25.2 2 0 0 0 0 0
Sol 12 10.0 6.8 0 0 0 0 0 0502 12 5.5 12.4 1 0 1 0 0 0503 12 5.4 12.6 3 0 0 0 0 0

M11OE2
534 6 7.3 9.3 0 0 0 0 0 0535 6 3.7 18.4 0 0 0 0 1 0536 6 4.2 16.2 0 0 0 0 0 0
537 8 11.9 5.7 0 0 0 0 0 0538 8 7.4 9.2 0 0 0 0 0 0539 8 4.7 14.5 0 0 0 1 0 0
540 12 8.5 8.0 1 0 0 0 0 0541 12 7.S 9.1 1 0 0 0 0 0542 12 4.8 14.2 1 0 0 0 0 0

(Sheet 2 of 2)



APPENDIX D: GENERALIZED TERRAIN DATA

1. Generalized terrain data were available for nine countries,

referred to as countries A, B, C, D, E, F, G, H, and I. These data were

prepared from limited available information and maps with scales ranging

between 1:325,000 and 1:3,200,000. Principally because of the small

scales of the maps, only type of surface material, soil strength (CI),

slope, obstacle height, and vegetation diameter and spacing data were

used to describe these nine study areas.

2. The terrain factors and classes used are given in Table Dl.

Terrain maps of these study areas are available at the U. S. Army

Engineer Waterways Experiment Station. Legends describing the terrain

units, terrain factor class numbers, and percentages of area occupied by

the terrain units are given in Table D2 through DIO.

D'



Table DI

Terrain Factors and Classes Used in Describing Terrain or Map Units

1. Surface Composition

Soil or Snow Strength, Cone Index (CI) Value Used in
Unit Surface Material* Class Range, CI Prediction, CI

1 Fine-grained soil >150 150

2 Fine-grained soil 75-150 112

3 Fine-grained soil 45-75 60

4 Fine-grained soil >45 22

5 Coarse-grained <150 150
soil

2. Slope
Value Used in

Unit Class Range, 6 Prediction,

1 0-10 5

2 10-30 20

3 >30 30

3. Surface Geometry

Height of Vertical Obstacle, in.
Unit Class Range, in. Value Used in Prediction, in.

1 <3.9 4

2 3.9-9.8 7

3 9.8-39.4 24

4 >39.4 39

* For country D, fine-grained and coarse-grained soil-vehicle
relations were used.



Table DI (Continued)

4. Vegetation

Tropical Climate

Unit
1 2 3 4 5 6

1* 2** 1 2 1 2 1 2 1 2 1 2

"1.0 1000 1.0 4 1.0 4 1.0 3 1.0 2 1.0 2
2.0 1000 2.0 9 2.0 10 2.0 6 2.0 4 2.0 2
3.0 1000 3.0 14 3.0 14 3.0 9 3.0 6 3.0 3
4.0 1000 4.0 20 4.0 17 4.0 12 4.0 8 4.0 4
5.0 1000 5.0 26 5.0 20 5.0 15 5.0 10 5.0 5
7.5 1000 7.5 42 7.5 27 7.5 21 7.5 16 7.5 10

10.0 1000 10.0 47 10.0 32 10.0 28 10.0 23 10.0 17

Temperate Climate

Unit
1 2 3 4 5 6

1 2 1 2 1 2 1 2 1 2 1 2

1.0 1000 1.0 11 1.0 10 1.0 8 1.0 6 1.0 4
2.0 1000 2.0 15 2.0 11 2.0 9 2.0 7 2.0 4
3.0 1000 3.0 20 3.0 13 3.0 10 3.0 7 3.0 5
4.0 1000 4.0 26 4.0 15 4.0 12 4.0 8 4.0 6
5.0 1000 5.0 29 S.0 16 5.0 13 5.0 10 5.0 6
7.5 1000 7.5 31 7.5 22 7.5 19 7.5 15 7.5 10

10.0 1000 10.0 33 10.0 30 10.0 26 10.0 22 10.0 19

Arid Climate

Unit
1 2 3 4 5 6

1 2 1 2 1 2 1 2 1 2 1 2

1.0 1000 1.0 13 1.0 7 1.0 6 1.0 5 1.0 4
2.0 1000 2.0 19 2.0 11 2.0 7 2.0 5 2.0 5
3.0 1000 3.0 24 3.0 1S 3.0 8 3.0 6 3.0 5
4.0 1000 4.0 29 4.0 19 4.0 11 4.0 7 4.0 6
5.0 1000 5.0 34 5.0 22 S.0 14 S.0 10 S.0 7
7.5 1000 7.5 40 7.5 29 7.5 25 7.5 18 7.5 12

10.0 1000 10.0 43 10.0 36 10.0 33 10.0 27 10.0 20

(Continued)

* Stem diameter >, in.

** Stem spacing 2!, ft.



Table D1 (Concluded)

Example:

Terrain Unit Number

Surface Composition - Wet-Season Soil Strength

Surface Composition - Dry-Season Soil Strength

Slope

Surface Geometry - Obstacle Height

Vegetation

66 2 3 2 6
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Table D4

Terrain Description and Percentage of Area Occupied for Each Terrain Unit in Country C

rnplIIN jpy ....

TI QPAIN FAyTnlp r'lA ,S

rF;PAIN rnmF INIIX SI.nPF VqSTAcI F: VI i. TA T I (N Af: A
IONI I WFT 11pY W.-I1I;W4T rII..NST 1 1Y tIT:'C NI

tli 1 1 1 1 .
29) 1 1 1 2; 3 r .1,
2$ I 1 1 2}9;• ,

36 1 1 1 ,4
47 1 1 9 1 4
49 1 1 2 1 .'4 • ..

6•1 1 2 2 1;l,.,
7n 1 1 2 2 ,2

70 1 1 % 1 '
7 1 1 3 1 ."?

105 1 1 1 ..

Ii? . 1 1 1 1.1 . 7

115 2 1 1 2 3 .112] 1 1 2' ' ,. 1

1?V7 2 1 1 3 2 ii.i'

167 7 1 1 2 3
190 .4 ? f) . $4
737 3,111 n;

271 7 9 1 1 3 .,. 04

211fl .2 7 1 1 3 t.io

311 9 3 1 0 .
.$04 .2 2 2 1 3• I1.ln

314 ? 9 1 7
327 ? 3 1 3 1 1.1'
332 2 9 3 2 3 :..4
"342 , 9 1 1 34 n .i

346 3 9 1 2 ,
is 1 3 2 1 3 2 .1.7
,97 .4 1 13
399 3 11 1 2 i, .7
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Table D8
Terrain Description and Percentage of Area Occupied for Each Terrain Unit in Country C

CIqUNTRY C,

Tflý ̂•IN rACTR r(LASS

TF.QI!IWI ~ ~P..I JNdfx SI OnFf IIqc;TAgI P V;.r! TAT10t, A,,r A
lIld g MI r IloY 'tl I ,I I I~liNSllY •" r:; IJ
fol I 1 1 1 .1 ,2 N

4 1 1 1 44
" R1 1 4 1 I

46 1 1 1 1311 1 ¶ 1 2 .-3l.,
.1 1• 1 1 2• 4 -, 1
4f, 1 1 2 1 1

61 2. oil.1

1iQ 1 1 A 1k11)4 2 1 1 1 1 1 1.)7

1135 2 1 1 1 .11Q 2 1 1 2 9•!.•'

141 2 1 1 2 3,,
147 2. 1 1 9 4 if. A

134 2 1 2 1 2 .1 3I136 1 7• 1 4 .I •+
143 2. 1 2 2 .I.
147 2 1 9 2 4 II.lA

11,1 2 1 9) 2 3. I. 72

161 2 1 3 1 ? ;16.3 2 1 3 1 . ++

168 2 ¶ I 9 4..,
277 2 7 1 1 4
978 2 7

n87 2 2 1 1 ,

3115 2 2914 ~ n316 2 ? . .?
31A 2 7 2 2 4
328 2 9 3 1 4 Ah.I 4
335 2 A 3 9 .
422 4 4 1 1 .74 7
430 4 4 A 1 4 o. '4
43#4 4 4 1 7 4 19.11:9
438 4 4 7 1 - fl.l.44
4S.1 1 1 1 1 11..44r53 1 1 1 ? 1 i •



Table D9

Terrain Description and Percentage of Area Occupied for Each Terrain Unit in Country H

CnUNTPY m

TFrQRAIN rArTW T• S

H JflPAIN I.ANF Ipnflx SLflPF VIrSTACIF VFGF-TATIfnl APrFA

IINI I wF I IIPY H1 1 1;w r 11 'IJSIIY P' F•C$ NI

3 7 1 3 1 7 1 1". Al

461 1 1 1 2 1">..)
464 1 1 3 2) 1 •1 1 3 1

34 h 4



Table D10
Terrain Description and Percentage of Area Occupied for Each Terrain Unit in Country I

TIP-RAIN 17041 M4il:x SLnPE IIP4STArt.F VIN:TAIIHON A•f.A
IINIT bWFT fPY OIl IC4T Ol NSITY PF•rg-NT

1 1 1 1 1 1 E3non"2? 1 1 1 1 2 . 1.:)0
. I 1 1 1 4 .I.nl

4 1 1 2) 1 4A,79
5 1 1 1 ) 2• n.1, 4
6 I 1 1 2 4 0.f9
7 1 1 1 2 6 11.n

9 1 1 1 4 4 0.l110 1 1 2 1. 1 i n
11 1 1 1 2 .q
12 1 1 413 1 1 2• 2 1 1.•

14 1 1 215
15 1 1 , 4 4
16 1 1 2 .6 n.1?
17 1 1 3 13

1 1 2 4 1 n.nAl
19 1 1 3 1 2 (1.18
;1 1 1 3• 1 4 An7

2. 1 1 3 4 12.1 1 1 .3 9 2 I 4

24 1 1 3 p 4 P.90
2 5 1 1 , 2 6
26 1 1 3 3 2 ".fl
27 1 1 3 4 1 n~n2
2R 1 1 3 4 6
29 . 1 1 1 " 2
31 1 1 1 1 2 n.9* 7
311 P I 1 (I2. )An
,2 2 1 1 4.14
33 2 1 1 3 2 n.nl
3 4 9 1 2 1 1 4.511

Js 2 1 1 2
,36 2 1 1 4 n..43
37 1 2 1 6 n.f1
3R ? 2 2 2 1. .1?
39 2 ? 9 4 11.70
40 p 1 2 2 6 O.fn7
41 2 1 7 4 4 0.05,
42 2 1 3 1 4 1),13
43 2 1 3 ? 1 0.44
44 3 1 1 1 ? o. A
45 3 1 1 2 1 1.Aq
46 3 1 1 2 wl. n 1
47 2 2 1 12 l.03
48 £ 5 1 1 1 8.39
49 5 1; 11eIA
51 5 5 3 1 1 13,051 1 1 1 4" 1 18.49



APPENDIX E: BASIC PERFORMANCE PREDICTIONS FOR HIMO

WEST GERMANY AND MID-EAST STUDY AREAS

1. Appendix E contains most of the basic performance data (speed

profiles and diagnostic statistics) for the selected study vehicles in

the HIMO West Germany and Mid-East study areas and for the same vehicles

"over the selected artillery missions. Also included in Appendix E are

"the speed profile data for the selected groups of vehicles traveling

together in the HIMO study areas.

2. The speed profile data (see paragraphs 27 and 28 main text) for

the selected study vehicles over primary roads, secondary roads, trails,

and off-road terrain for two conditions are given in Tables El-E43 as

follows:

Table Speed Profiles for Study Vehicles

El M561-Mi02

E2 M561-M204

E3 M561-XM198

E4 M35A2-M102

E5 M35A2-XM204

E6 M35A2-XMl98

E7 M813-XM204

E8 M813-MIl4AI

E9 M813-XM198

E1O M813-FH70

Ell M813-XM(130-mm)

E12 M656-XM204

El3 M656-XM198

E14 TDW90-XM204

E15 TDW9Ol-MI14A1

E16 TDW90-XMI98

El7 TDW90-FH70

E18 TDW901-XM (130-mm)

E19 M520E1-XM204

El



Table Speed Profiles for Study Vehicles

E20 M520E1-XM198

E21 M520E1-FH70

E22 M125El-XH198

E23 M548E1-XM204

E24 M548EI-XM198

E25 M548E1-FH70

E26 UET-XH198

E27 UET-FH70

E28 ASV-XM204

E29 ASV-XM198

E30 ASV-FH7O

E31 MlO9A1

E32 M107

E33 MllOE2

E34 MI13Al

E35 M60A2

E36 M548E1

E37 M577A1

E38 XM723

E39 XMl

E40 ASV

E41 M561

E42 M813

E43 UET

3. The diagnostic statistics (see paragraph 31, main text) for

the selected study vehicles over primary roads, secondary roads, and

trails for two conditions in the HIMO West Germany and Mid-East study

areas are given in Tables E44-E87 as follows:

Table Diagnostic Statistics for Study Vehicles

E44 M561-M102

E45 M561-XM204

E2



Table Diagnostic Statistics for Study Vehicles

E46 M561-XM198

E47 M35A2-M102

E48 M35A2-XM204

E49 M35A2-XM198

E50 M813-XM204

E51 M813-M114A1

E52 M813-XM198

E53 M813-FH70

E54 M813-XM(130-mm)

E55 M656-XM204

E56 M656-XM198

E57 TDW901-XM204

E58 TDW901-M114A1

E59 TDW901-XM198

E60 TDW901-FH70

E61 TDW9O1-XM(130-mm)

E62 M520E1-XM204

E63 M520E1-XM198

E64 M520E1-FH70

E65 M125EI-XM198

E66 M548E1-XM204

E67 M548EI-XM198

E68 M548E1-FH70

E69 UET-XM198

E70 UET-FH70

E71 ASV-XM204

E72 ASV-XM198

E73 ASV-FH70

E74 M1O9A1

E75 M107

E76 MI1OE2

E77 M113Al

E78 M60A2

E3



Table Diagnostic Statistics for Study Vehicles

E79 M548EI

E80 M577A1

E81 XM723

E82 XMI

E83 ASV

E84 M561

E85 M813

E86 UET

4. The diagnostic statistics for the selected vehicles in off-

road terrain of the HIMO West Germany and Mid-East study areas for two

conditions are given in Table E87. The speed profile data for the

selected groups of vehicles (see paragraph 36 and 37, main text)

traveling together over primary roads, secondary roads, trails, and

off-road terrain for two conditions are given in Tables E88-E91 as

follows:

Table Vehicle Group

E88 1

E89 2

E90 3

E91 4

5. The time to complete the selected artillery missions in the

West Germany study area for two conditions are given in Table E92 for

the study prime mover-towed artillery combinations, and in Table E93 for

the self-propelled artillery and reference vehicles.

E4
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Table E9,

Time for Study Prime Mover-Towed Artillery Combinations to Conplete Selected Artillery Mission

Medim-Weght . .Heavyweight

Li htweizht Artillery Medium-Weght Ai-ttiLerjo " :. Artillery
3340"1b 477;-,i 12700-b 15Z50-ib 16590-lb 19250-lb

1102 X9204 M114A1 I-M192 130- 1F70
WWt Snoww oet Snow wet KnOw -- Yet- now Wet 9

Prime Mover Condition Condition Condition Condition Condition Condition Condition Condbtion Condition Condition Condition Condition

Mission I - 2.06 Miles

M561 5.9 6.9 6.2 7.3 60.8 67.9
M3SA2 59.0 11.2 59.1 11.6 60.1 72,8
M813 59.1 12.7 59.6 15.1 59.8 16.9 60.0 18.5 60.3 76.2
MbS6 6.0 7.4 60.1 9.0
T1OM1 7.9 8.5 10.3 9,3 61.9 9.6 62.0 9.7 62.3 10.0
M520EI 61.4 10.3 62.3 12.2 62.9 12.8
M12SEI 60.6 4.7
MS48E1 6.1 6.0 7.8 6.3 60.2 6.3
UET 7.1 6.2 60.2 6.4
ASV 5.8 5.6 6.6 5.8 59.6 5.9

Mission 2 - 1.60 Miles

M561 17.1 10.1 17.9 16.5 174.6 76.6
M3SA2 57.6 17.0 76.5 17.6 173.7 80.4
M813 169.3 18.6 174.1 21.2 174.1 62.4 174.1 63.0 174.3 80.6
M656 15.8 8.9 78.4 16,8
TDW901 10.7 8.3 60.6 9.0 63.3 9.6 173.6 9.9 168.4 9.9
MS20EI 170.6 12.1 176.2 12.8 176.4 13.4
M12SEI 173.8 21.2
1S48EI 16.4 9.0 60.3 9.1 168.9 9.1
UET 18.3 7.1 167.6 7.1
ASV 13.7 6.0 15.9 6.0 167.0 6.0

Mission 3 - 3.07 Miles

KS61 53.7 52.4 56.0 52.8 172.6 63.5
M35A2 18.4 18.2 23.9 19.4 166.5 73.8
14813 126.3 59.9 165.9 65.1 166.0 68.7 166.1 69.1 166.3 75.7
14656 13.2 11.2 29.1 13.8
TDW901 18.3 11.9 31.2 13.1 39.6 13.4 132.7 13.6 168.0 14.1
M520EI 167.4 16.8 167.7 18.9 167.9 19.7
14125EI 166.6 22.9
1548EI 54.6 51.8 66.9 51.8 166.4 51.8
UET 59.6 50.3 166.2 50.3
ASV 12.8 7.5 19.0 7.6 165.8 7.6

Mission 4 - 2.80 Miles

4561 10.3 103.0 13.3 70.2 185.5 128.8
k35A2 70.8 74.5 81.2 75.8 184.5 134.8
1813 184.5 76.1 184.2 79.0 184.3 82.3 184.S 84.4 183.3 142.3
1656 103.0 103.0 81.9 72.2
T18901 14.8 11.8 81.4 13.5 80.9 14.3 186.2 14.7 184.5 158.0
14520EI 185.8 156.0 186.1 18.3 184.3 19.4
M125EI 185.4 79.2
1S48EI 12.2 9.4 20.3 9.8 183.2 10.0
UET 14.8 8.5 183.S 8.7
ASV 10.6 7.S 14.8 7.7 183.1 7.9

Mission 5 - 2.72 Miles

1S61 51.1 51.0 54.6 74.0 248.0 193.4
13SA2 72.3 75.9 74.4 76.7 248.2 199.4
M613 130.7 78.3 247.8 81.9 247.9 143.0 248.0 143.3 284.2 145.0
M656 50.1 50.0 77.7 74.9
TDV90l 22.0 S0.0 84.5 51.5 80.S 52.6 137.0 53.1 284.9 54.1
KS20EI 250.6 55.6 250.9 57.9 287.0 59.1
M12SEl 247.9 81.1
MS48EI 51.4 49.6 71.2 50.2 284.8 50.3
UET 53.8 47.6 283.4 47.8
ASY 49.2 46.5 53.3 46.5 282.8 46.6

Mission 6 - 2.52 Miles

M661 12.3 10.5 14.5 10.9 184.5 71.6
M35A2 16.8 14.4 22.0 15.5 124.9 78.1
1813 124.4 16.1 124.7 20.0 124.7 22.6 124.8 23.0 184.1 82.0
1656 12.5 100.0 27.5 12.1"T8W901 17.6 10.8 29.5 11.7 37.4 12.0 125.4 12.2 184.8 12.5
NS20EI 125.7 14.5 126.1 16.0 185.2 16.9
M12SEI 124.9 18.6
MS48EI 13.3 10.1 25.5 10.2 184.5 10.3
UET 18.1 8.4 184.1 8.5
ASV 13.0 7.2 19.2 7.3 184.2 7.4

Mission 7 - 2.31 Miles

MS61 9.9 8.5 11.3 8.9 124.0 112.0
K3SA2 15.2 12.7 28.4 13.4 123.5 118.7
1813 123.4 14.4 123.5 17.8 123.5 20.7 123.6 21.7 123.8 51.2
M656 10.3 8.3 79.1 10.4
T I901 14.4 9.3 24.7 10.3 33.2 10.6 124.1 10.7 124.6 11.1
1620E1 124.7 12.7 124.9 14.7 125.1 15.3
M125EI 123.8 16.8 124.0 8.0
NS48E1 10.9 7.9 21.2 8.0 123.6 6.7
UFT 14.7 6.7 123.3 5.5
ASV 10.3 5.3 15.3 5.4
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Table h92 (Continued)

Time, min

HeavyweightLightweight Artillery Medium-Weight Artillery Artillery3340-lb 4775-lb 12700-lb 15250-lb 16590-lb 192l0-lb34102 114204 MIl4AI 114198 114(130-nim) F117O
Wet Snow Wet Snow Wet Snow Wet . Snow Wet Snow Wet SnowPrime Mover Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition

Mission 8 - 3.07 Miles
1S61 8.4 10.1 8.6 10.8 80.S 91.1
M35A2 8.0 15.2 8.1 16.2 9.3 98.0M813 8.1 16.4 8.5 85.5 8.7 102.0 8.8 102.0 68.5 102.1
M656 8.4 10.6 8.9 13.3TDwO91 9.7 12.0 11.1 12.8 11.4 13.2 11.S 13.4 71.0 13.7MS20E1 10.7 13.6 11.2 15.9 70.6 16.2M125E1 9.9 19.1R548EI 8.9 9.4 9.1 9.4 68.3 9.5
UET 9.0 9.5 68.4 9.5ASV 8.1 8.8 8.2 8.8 67.5 8.9

Mission 9 - 2.25 Miles
M561 16.9 10.6 18.8 11.6 69.3 71.9
M35A2 70.7 19.6 72.9 61.S 73.2 75.1M813 66.2 15.5 72.2 82.3 72.3 81.6 72.4 81.9 67.3 76.014656 11.0 10.3 81.1 18.6"TDW901 14.3 11.0 57.0 12.2 85.8 12.9 73.5 18.8 68.S 13.8MS20EI 70.0 15.6 75.3 23.6 70.4 24.4M12SE1 72.6 24.5
M548E1 18.1 9.7 25.6 10.3 68.5 10.9UET 20.3 8.6 66.7 8.7ASV 17.0 7.3 21.0 7.7 66.8 7.9

Mission 10 - 2.50 Miles
M561 11.1 12.0 64.8 12.3 171.6 68.1
M35A2 11.2 15.2 12.0 68.7 170.9 73.5M813 117.8 17.0 118.3 72.1 li9.6 74.1 120.7 74.2 118.4 74.4M656 10.8 11.8 66.7 13.3TDW9oI 12.3 12.2 15.0 13.0 16.6 13.3 119.0 13.4 119.3 13.7M520E1 119.6 14.9 120.5 16.6 120.3 17.1142SE1 118.5 18.8M548El 11.4 10.9 14.2 10.9 118.1 11.0UET 12.2 10.6 117.8 10.6ASV 11.1 9.8 12.2 9.9 117.3 10.0

Mission 11 - 2.80 Miles
MS61 68.2 10.5 69.3 69.9 206.0 255.7M3SA2 46.9 133.3 52.4 133.9 205.1 262.3M813 164.3 78.3 204.2 138.2 204.4 140.4 204.6 140.6 164.3 142.814656 10.8 10.7 195.8 130.6TDW901 13.9 12.2 54.4 14.6 96.4 17.1 207.4 74.3 167.3 22.1M520E1 181.0 15.2 207.5 76.7 168.0 80.3
MI2SEI 205.4 137.5MS48EI 69.2 8.8 73.7 9.5 164.9 9.7UET 71.0 8.8 163.9 8.9ASV 68.6 7.8 70.8 8.0 163.4 8.2

Mission 12 - 1.64 Miles
MS61 8.5 6.9 10.1 7.2 175.4 145.9M35A2 12.1 10.8 16.7 12.7 176.6 151.7M813 123.1 12.3 124.2 76.7 125.0 153.2 125.3 150.6 124.6 151.0
M4656 8.9 7.0 83.1 9.2TDW901 11.9 7.6 19.4 8.6 25.7 9.2 124.1 9.4 125.3 9.6M520E1 12S.7 11.9 126.4 13.7 126.9 14.3M125EI 124.1 14.9
M548EI 9.8 6.6 76.7 7.1 125.2 7.1UET 13.2 5.9 124.1 5.9ASV 10.2 5.1 14.2 5.5 124.0 5.6

Mission 13 - 2.11 Miles
MS61 66.3 66.8 66.3 66.9 108.1 151.2
M35A2 66.8 68.4 69.5 68.6 108.0 153.1M813 107.7 69.0 107.8 70.5 107.8 111.7 107.9 111.7 107.9 111.814656 66.4 66.9 108.0 67.6
TDW901 8.9 9.2 10.3 9.5 11.4 9.6 53.6 9.7 108.6 9.81520E1 108.4 13.0 108.6 13.9 108.7 14.1MI25EI 108.1 69.8M548E1 66.5 66.5 67.4 66.5 108.0 66.7UET 66.8 66.5 107.9 66.6ASV 7.6 7.8 8.0 7.8 107.8 7.8

Mission 14 - 2.94 Miles
MS61 7.7 9.4 7.8 10.1 62.4 66.8M35A2 7.6 14.4 7.6 15.3 8.4 73.3
M813 7.9 15.6 8.0 19.3 8.2 24.0 8.3 24.0 8.3 26.0M4656 7.9 10.0 8.3 12.6TDW901 8.8 11.4 9.7 12.0 10.1 12.5 10.3 12.7 10.7 13.0MS20E1 9.3 12.8 9.7 15.0 10.0 15.2M125EI 9.5 18.0RS48EI 8.4 8.S 8.5 8.S 8.4 8.6UET 9.0 9.0 8.9 9.0ASV 8.2 8.2 8.2 8.2 8.2 8.2
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Table r92 (Continued)

L! htwoi|ht Artiller• uC-WolthlArIIery Art Illiry
4_S77 -lb __ .,'hS7 ~~l Ar i9?( 1Il,

3IO2 XN204 M114AI 0J4198 X117300m) 11171
S Snow Wt %now Wit ... Snow . wet .... o' " et - ,,

Prim Mover Condition Condition Condition Condition Condition Condition Condition Condition Condition CondIin ondlthrnn Conditiun
Mission is 3.62 MIle 1

MW63 69.4 13.0 69.6 16.1 96.4 327.2
M35A2 35.2 77.9 93.1 79.0 95,3 130.6
M13 35.0 23.6 94,2 84.6 94.4 90.0 94.5 92.5 154,7 144.9
Mt56 15.2 13.8 94.7 75.8
TD0O 1 13.7 16.0 20.5 17.8 97.4 18.7 97.6 19.2 102,0 20.3

0SZOE8 40.5 20.3 99.4 24.1 105,8 25.2
IZSEi 95.1 83.7

1S48EI 70.2 11.5 72.4 12.5 97,8 13.0
UET 71.1 11.4 95.9 11.9
ASV 69.7 10.3 70.7 10.7 96.2 10.8

Mission 16 - 2.56 Miles

MShl 8.4 9.5 8,5 9.9 68.8 13.3
M3SA2 8.5 13.4 8.8 14.1 68.1 71.9
1813 67.6 14.4 67.8 17.8 67.9 20.7 68.1 20.9 66.8 21.4
14656 8.2 9.6 9.5 11.4
T1 9901 9.4 10.5 11.0 11.2 11.9 11.5 69.8 11.6 68.1 11.9
1520E1 69.3 12.1 69.7 13.6 67.9 13.9
M12SEI 69.0 16.5
MS48E1 8.7 8.8 9.7 8.8 66.9 8.8
U0T 9.3 8.6 67.1 8.6
ASV 8.2 7.9 8.8 7.9 66.7 7.9

Mission 17 - 2.47 Miles

K561 70.6 66.7 70.8 73.5 72.2 76.5
M3SA2 70.6 77.7 70.7 78.6 71.5 83.3
4813 66.0 78.8 71.2 83.2 71.3 86.4 71.4 86.7 107.3 87.5

M656 70.9 67.2 71.4 75.3
TDW901 8.9 23.0 55.8 52.0 56.2 52.4 56.8 52.6 86.6 , 53.0
M520EI 50.4 53.5 73.2 55.3 92.7 55.7
M125EI 72.3 65.3
M548EI 42.2 36,5 71.2 36.8 101.0 36.8
1ET 71.7 37.0 101.6 37.1

ASV 41.9 6.8 71.0 6.9 83.4 6.9
Mission 18 - 2.06 Miles

4561 91.3 92.0 91.3 92.5 205.1 206.1
M35A2 51.2 55.1 51.3 55.7 91.7 234.1
M813 51.5 96.2 91.3 98.7 91.4 100.S 91.5 100,8 151.2 212.7
45b 50.0 51.3 50.8 52.9
"1111901 50.5 51.5 51.4 52.2 51.8 52.5 57.7 52,7 152.6 53.0
M520E1 93.6 15.6 94.2 17.0 154.0 17.6
M125EI 91.6 57.4
N548EI 91.5 91.6 92.4 91.7 152.2 91.8
UET 91.4 90.8 150.9 90.9
ASV 7.9 7.4 8.7 7.5 151.0 7.6

Mission 19 - 4.18 Miles
M561 9.8 12.6 9.9 13.8 70.7 77.7
M35A2 10.2 20.6 11.3 21.9 69.7 88.2
M813 69.0 22.4 69.2 28.6 69.5 35.1 69.7 36.9 69.8 93.9
M656 10.1 13.2 25.6 17.2
TDW901 12.1 15.4 14.7 16.8 16.1 17.3 72.7 17.6 73,4 18.1
N520EI 71.4 18.1 72.0 21.5 72.3 22.0
M125EI 71.5 26.4
M548EI 11.0 11.0 12.0 11.0 69.7 11.0
UET 12.0 11.5 .. , 70.6 11.5
ASV 10.4 10.2 11.0 10.3 69.4 10.3

Mission 20 - 2.03 Miles

1461 11.7 8.9 13.8 9.3 342.0 241.1
M35A2 19.7 11.9 39.4 12.6 306.7 247.0
M813 248.1 14.3 306.6 17.2 306.6 19.6 306.6 21.9 306.8 19.9
M656 11.9 8.0 145.9 10.1
1111901 18.2 8.7 34.1 9.8 47.4 10.2 251.2 10.4 306.8 10.6
MS20EI 306.9 12.9 307.0 14.9 307.1 15.5
M12SEI 306.6 16.3
1S48E1 12.5 7.9 29.0 8.1 306.9 8.2
UET 18.9 6.4 306.6 6.5
ASV 12.7 5.0 20.7 5.1 306.7 5.2

Mission 21 . 1.76 Miles
14561 9.3 8.5 10.2 8.6 63.7 23.4
M35A2 23.4 10.4 26.7 22.7 63.7 27.3
M813 63.3 10.8 63.3 10.9 63.3 27.6 63.3 27.9 63.4 28.6Mb56 8.7 7.9 29.5 8.9
TDW901 11.6 7.5 20.5 8.0 35.8 8.2 63.5 8.3 64.0 8.5
M520EI 64.5 11.2 64.5 11.7 64.5 12.1
M125EI 63.2 13.2
M548E1 9.3 8.2 16.8 8.2 63.6 8.2
UET 12.0 6.3 63.5 6.3
ASV 8.4 5.2 12.3 5.2 63.2 5.2

(Continued)

(Sheet 3 of 6)



Table L92 IContinued)

Time. ain

Li htwei ght ArtillerAiller ArtJvir
3340-16 477b -b 12700-lb 1520-I 6rt ill ..M102 XM204 MI14AI XMI98 X4(130-me) Fli7fNet Snow Wet Snow Wet w no•.... Net Snow Wet SnowPrim Mover Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition

Mission 22 - 2.91 Miles
MS6l 23.1 74.4 80.9 85.9 308.9 260.6
M3SA2 104.7 81.7 158.7 83.1 308.7 2S9.0
MN1s 250.0 88.3 308.6 91.7 308.6 91.2 308.6 91.S 308.6 149.4
M656 17.5 15.2 143.5 81.9TDW901 25.1 14.3 106.1 16.5 114.5 18.6 253.2 20.9 309.0 71.9M52081 309.3 23.4 309.4 33.9 309.5 81.24125E1 308.5 87.8M54881 19.6 14.8 39.3 15.4 308.8 15.7UET 26.2 12.5 308.6 12.7
ASV 17.3 10.2 27.2 10.6 308.5 10.8

Mission 23 - 1.82 Miles
M561 8.0 7.0 9.2 7.3 182.7 165.1
M3SA2 11.3 10.8 15.6 11.3 147.4 171.5M813 146.8 12.1 146.9 14.9 147.0 16.7 147.0 20.2 147.5 170.7M656 8.4 6.8 20.0 8.3TDW901 11.7 7.6 19.6 8.4 25.4 8.7 147.8 8.8 148.4 9.1M520EI 148.4 10.1 148.6 11.9 149.0 12.3MU1251 147.2 14.0MS48EI 8.6 6.6 17.0 6.8 148.2 6.8UET 11.8 5.4 147.5 5.4ASV 8.6 4.5 12.5 4.5 147.3 4.6

Mission 24 - 3.97 Miles
M561 10.1 12.3 10.1 13.2 71.4 20.2
M35A2 9.5 19.6 9.6 21.3 70.2 87.5M813 10.1 21.6 69.5 28.5 69.7 31.9 69.8 32.5 70.1 34.0
M656 9.9 12.4 11.1 15.8TDW901 11.9 14.1 13.7 15.7 14.3 16.3 15.7 16.5 73.5 17.0M520EI 72.4 17.0 73.1 19.6 73.5 20.9M125E1 71.1 25.5M548E1 10.7 11.2 11.2 11.2 70.0 11.2UET 10.8 10.8 70.1 10.8ASV 9.5 9.9 9.9 9.9 69.1 9.9

Mission 25 - 2.53 Miles
M561 74.8 78.4 74.8 75.0 126.2 77.4
M38A2 71.6 71.9 74.7 72.8 125.6 79.8
M813 125.3 77.0 125.3 79.5 125.4 80.9 125.4 81.1 125.5 81.614656 69.7 72.1 77.7 70.9
TDW9O1 73.6 71.0 77.0 72.7 81.3 73.8 125.5 74.6 147.8 77.2MS2OEI 131.6 78.5 127.8 79.9 141.2 85.7M125E1 125.1 76.9
14548EI 70.1 13.9 75.6 15.4 129.5 15.7ET 1 71.2 11.7 127.6 11.9ASV 68.0 9.5 71.1 9.9 127.2 10.1

Mission 26 - 1.88 Miles
M561 51.4 50.1 52.3 50.3 178.8 237.5
M3SA2 54.8 53.1 61.9 53.7 178.0 293.4M813 147.5 54.8 147.9 86.9 148.3 89.1 148.7 89.5 148.3 89.9M656 51.2 50.2 145.2 51.7
TDIW901 54.6 50.7 62.5 51.5 68.8 51.9 148.7 52.1 149.3 52.4MS20E1 149.3 14.5 149.8" 16.2 150.4 16.8M12SE1 148.0 56.9M54881 81.9 49.7 89.7 49.8 149.0 49.9UET 84.6 48.4 148.2 48.6ASV 10.4 6.2 14.2 6.3 148.3 6.4

Mission 27 - 2.67 Miles
14561 67.5 11.9 68.0 174.1 185.2
M35A2 110.9 72.7 119.8 73.6 113.8 187.6M813 112.9 74.4 113.5 136.4 113.7 139.8 113.7 140.8 173.2 182.3M656 67.8 11.0 107.9 71.2TDW9O1 13.2 12.5 81.7 14.5 118.5 15.7 115.8 16.6 200.2 19.5M520E1 115.1 16.4 116.1 19.7 175.6 26.7M125E1 114.6 77.1M548E1 68.4 9.1 72.6 10.0 177.1 10.2UET 70.0 9.5 175.7 9.7ASV 68.0 8.3 69.9 8.6 175.3 8.8

Mission 28 - 3.20 Miles
M561 12.2 13.2 12.7 13.6 68.6 71.4
M35A2 69.2 14.9 69.2 21.3 70.2 75.5M813 70.8 16.9 70.9 78.1 71.0 80.5 71.1 83.0 112.7 78.0M656 11.0 12.2 70.1 14.1TDIW 11.9 12.7 15.0 13.4 71.1 13.7 71.3 13.8 113.2 14.2
MS20EI 72.1 15.6 72.3 17.4 113.8 17.6M12SEI 71.2 18.81548E1 11.7 11.4 13.2 11.5 112.2 11.7UET 11.7 10.8 111.6 10.8ASV 10.2 9.8 11.1 10.1 111.1 10.1
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TAble C92 (Continued)

Time, sin
ieavywngsht

Lightweight Artillerz Medium-Weight Arti]lerH Artvwigcrh

W102 XM204 MI14AI _ _14918 NM (130- m ) F1170J
iot Snow Wet Siw Nt Snow W-t n "et W Sno -we" n

Pr08 Mover Condition Condition Condit ion Condition Condition Condition Condition Condition Condition Condition Condition Conditi",n
N.io - 2.49 Milei

MSqII 0.6 69.9 123.A 70.4 258.9 188.8
M135A2 692 73.9 87'8 128.0 257.0 195.5
W813 204.0 76.6 204.7 133.3 205.8 135.7 206.9 136.2 205.1 154.7
Mt,5b 70.1 68.6 142.4 71.2
fl"8Ol 72.8 69.3 73.2 70.5 75.5 71.0 205.2 71.2 206.7 71.6
M.S20E1 206.9 73.2 207.7 75.4 208.2 76.3
MI2SEI 204.5 78.7
M548E1 71.8 63.9 73.1 66.5 205.5 65.6
UET 77.4 63.5 204.8 63.8
ASV 17.0 10.7 24.8 11.9 181.5 12.7

Mission 30 - 3.35 Miles

X561 10.3 11.7 10.5 12.2 34.7 85.6 I.

13512 27.8 15.0 27.9 15.6 34.4 89.9
M813 33.8 15.8 34.0 18.4 34.1 22.2 34.3 74.8 88.0 76.1
1656 10.3 12.0 28.4 13.8
TDW90I 11.3 13.0 29.8 13.5 30.0 13.7 35.9 13.8 89.6 14.1

4520EI 35.4 13.9 35.6 15.5 89.1 15.6
MI25EI 34.9 17.5
M548E1 10.6 11.2 11.3 11.3 88.0 11.3
UET 10.9 11.3 88.0 11.3
ASV 10.2 10.8 10.5 10.9 87.5 10.9

Mission 31 - 3.65 Miles

M561 71.1 12.5 72.3 72.6 301.2 252.1
M3SA2 132.2 78.4 141.4 80.2 301.8 261.1
M813 240.7 80.6 241.2 91.2 241.6 150.8 241.9 1513. 304.5 160.4
1,656 71.2 12.5 190.7 75.7 -
TDW901 16.8 14.4 89.7 16.5 142.9 17.7 244.6 18.4, 3 2 0 20.2
M520E1 244.5 19.9 245.6 23.5 ', 306.6 27.7
M1125EI 242.9 85.1V.
M548EI 73.2 11.1 80.2 11.7 ,306.0 11.9
LIET 75.2 10.3 - 305.S 10.3
ASV 71.1 8.7 75.1 9.0 ' 305.1 9.1

Mission 32 - 2.32 Miles

M561 14.4 14.5 14.9 IS.0 128.1 189.6
M35A2 14.9 16.3 18.S 73.5 124.5 193.1
9813 123.7 20.4 124.2 79.1 124.3 81.0 124.3 81.5 124.8 82,4
94656 12.0 11.6 25.5 16.1
TDW9OI 15.5 11.8 23.7 13.2 30.3 14.5 125.2 14.9 126.2 (5.2
1S20EI 125.7 18.S 126.2 20.8 127.1 22.0
4125EI 124.4 25.7
M148EI 13.7 11.0 22.9 12.0 125.3 11.9
UET 16.3 9.9 125.0 10.0
ASV 12.S 9.1 17.4 9.5 124.8 9.6

Mission 33 - 2.84 Miles

M561 43.2 103.9 43.2 105.0 47.1 252.5
M35A2 42.9 108.9 43.3 109.6 45.3 252.5
M813 43.5 111.3 44.8 113.6 45.2 116.8 45.3 117.1 45.6 173.2
(656 43.7 104.9 45.1 107.6
T1W901 46.6 49.2 48.1 107.9 48.6 108.4 48.8 108.6 49.3 109.0
MS2OEI 47.5 51.3 50.0 112.5 50.9 113.3
M1125E 46.5 113.8
1548E1 11.8 25.7 46.4 44.6 46.7 45.3
UET 45.3 44.4 45.4 45.0
ASV 9.5 43.5 44.5 44.0 44.9 44.3

Mission 34 - 3.24 Miles

1561 71.3 71.9 71.8 72.7 235.7 185.5
N3512 69.9 77.9 70.7 128.7 176.5 192.7
M813 176.1 79.4 175.9 134.4 176.3 136.8 176.4 137.3 240.5 139.7
M656 71.0 71.8 72.4 75.7
TDW901 73.3 72.7 82.0 74.4 75.4 75.3 178.5 75.6 241.6 76.3
MS20EI 179.8 78.4 179.6 81.1 243.0 81.7
M12SEI 178.9 86.7
M548Ei 71.9 12,0 76.3 13.6 240.2 13.8
UET 73.3 11.4 240.1 11.5

ASV 69.9 9.7 72.3 10.4

Mission 35 - 3.21 Miles

M561 15.0 16.3 15.2 76.0 127.0 240.1
935A2 9.9 76.4 11.1 77.8 41.6 294.5
1813 37.7 81.3 38.6 86.9 38.8 85.4 38.8 85.9 74.0 89.0
M4656 11.0 12.8 35.9 74.7
T018901 12.0 13.5 14.0 15.3 14.9 16.2 37.9 16.7 73.2 17.9
1520EI 40.3 19.7 41.9 22.7 76.8 24.1
N125E1 37.7 83.3
NS48El 11.9 11.3 13.1 11.9 71.9 12.0
UET 70.4 10.5
ASV 9.8 9.0 10.8 9.2 69.3 9.4

(Continued)
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Table E92 (Concluded)

Time. min
Jleavywel ght

Lightweight Artillery Medium-Weight Art ii!er Artillery
340-1b " 4775-% b 12700-lb 15250-lb 1t5iT --
M102 - 14204 Now N 4Ao t 14114 MMl98 I J -- F470

Wet snow snowt- , w- - . ";iVt -- no IF no W n ow- .. .. n
Prim. Movr Condition Condition Condition Condition Condition Condition Condition Condition Condition Condition Conditioin Condition

Mispion 36 - 2,53 Nilan

M561 14.2 15.2 14.3 15.8 107.8 215.3
MSSA2 8.6 14.0 11.3 14.9 50.6 216.7
14813 S4.7 19.5 55.3 22.9 55.4 65.9 55.S 66.2 55.6 93.2

4656 9.6 10.9 51.7 13.3
TO1901 10.1 11.1 11.9 12.3 12.9 12.7 52.7 12.9 S3.4 13.3
1520EI 55.8 16.6 56.8 19.4 S7.3 20.2
MI25EI 53.8 20.2
M54815 9.8 9.6 11.3 9.9 52.4 10.0
0ET 9.7 9.0 51.2 9.1
ASV 7.6 7.2 8.5 7.4 50.3 7.5

Mission 37 - 2.91 Miles

M561 53.3 53.1 57.1 S6.4 198.3 193.5
M3SA2 70.6 73.6 74.4 76.7 188.5 196,6
14813 190.8 79.7 191.4 83.7 191.5 87.0 191.6 87.5 191.9 90.0
M656 70.1 69.8 77.6 73.8
Th*9OL 73.2 71.4 78.5 72.6 81.8 73.0 189.4 73.2 190.9 73.6
14520E1 192.6 77.6 193.6 79.4 194.6 80.2
M4251E 190.6 80.8
M648EI 39.6 38.0 57.6 50.8 170.5 50.8
UET 61.6 57.3 157.6 37,8
ASV 46.4 43.5 43.0 50.7 171.2 5C.7
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Tmble P9.3

Time (min.) for Study Self-Propelled and meference Vehicle to Complete Selected Artillery Missions

NIeloel L ength .ff-Pr.=eli R i'r Reference VoWile-_la

No. • M109A1 M107 MIOE.2 RlT•rI" M60A2 M594EI M577AI tM723 I ASV 1561 Ml13

Wet Condition

I 2.06 6.5 6.S 6 5 S 6.2 5.5 5.2 5.0 4.6 5.3 5.2 58.9 5.8
1.60 14.7 14.5 14.5 13.9 13.1 15.1 13.9 12.1 12.1 12.5 9.5 168.2 13.3

3 3.07 13.4 12.9 12.9 50.0 11.4 51.4 50.2 7.7 8.0 8.9 51.4 125.5 9.8
4 2.60 11.1 10.8 10.8 8.2 9.8 9.7 8.3 7.8 7.3 8.7 8.3 183.9 9.0
5 2.72 50.1 50.0 50.0 47.6 48.7 49.7 47.9 46.4 10.6 47.1 49 ' 130.1 47.7
6 2.52 13.3 12.8 12.8 8.7 10.6 10.0 8.9 7.9 8.2 9.1 9.8441J 65.6 9.8
7 2.31 10.6 10.4 10.4 7.1 8.4 8.3 7.2 6.1 6.2 7.2 7.8. t,123.3 7.8
8 3.07 8.0 9.0 9.0 8.2 9.3 8.9 8.2 8.0 7.7 8.1 8.4 8,0 8.9
9 2.25 17.7 17.6 17.6 14.5 16.1 16.1 14.6 14.0 13.7 14.8 9.6 65.7 15.4
10 2,50 12.3 11.7 11.7 63.1 14.9 63.6 63.2 62.8 10.1 63.1 10.6 71.1 63.6
II 2.80 69.3 69.2 69.2 66.9 68.5 67.7 67.0 66.8 66.1 67.5 7.9 163.2 67.9
12 1.64 10.5 10.2 10.2 7.2 50.6 8.7 7,8 9.7 47.5 8.4 6.4 65.8 7.8
13 2.11 7.9 66.3 8.0 65.9 66.2 66.2 66.0 7.3 7.0 7.4 66.0. 107.6 66.2

14 2.94 9.0 9.0 9.0 8.3 9.2 8.4 8.3 8.2 8.0 8.2 7.7 7.8 9.0
15 3.62 70.5 70.5 70.5 68.9 70.3 69.6 68.9 68.6 67.8 69.2 .9.8 -33.6 69.8
16 2.56 8.8 8.7 8.7 8.0 8.7 8.6 8.0 7.7 7.5 7.8 8.2 67.5 8.4
17 2.47 42.8 42.7 42.7 41.7 42.9 41.8 41.7 41.5 41.3 41.6 35.1 64.8 42.3
18 2.06 8.5 8.6 8.6 49.9 9.7 91.3 49.9 7.3 6.8 7.6 91.1 50.6 49.2
19 4.18 11.7 11.7 11.7 10.2 11.8 10.7 10.2 10.1 9.7 10.2 9.6 68.9 11.3
20 2.03 12.5 12.1 12.1 7.3 9.5 8.6 7.5 6.4 6.4 7.8 8.6 247.7 • 8.2
21 1.76 9.2 8.9 8.9 6.8 7.1 8.2 6.8 5.5 5.8 6.1 8.4 63.3 6.9
22 2.91 17.8 17.1 17.1 13.5 14.2 15.7 13.7 11.0 11.0 12.6 19.8 249.7 13.4
23 1.82 8.7 8.6 8.6 5.6 7.0 6.7 5.7 5.2 5.2 6.0 6.5 146.7 6.5
24 3.97 10.7 10.7 10.7 9.3 11.1 10.5 9.3 9.2 9.0 9.2 9.9 9.5 10.4
25 2.53 69.2 69.1 69.1 68.4 67.5 69.9 68.4 66.1 66.S 66.5 78.1 128.4 67.8
26 1.88 10.6 10.3 10.3 38.6 10.3 80.2 38.7 7.6 7.7 8.2 49.9 147.4 79.5
27 2.67 68.5 68.4 68.4 66.7 67.9 67.2 66.7 66.4 65.9 67.0 10.1 110.2 67.3
28 3.20 11.1 11.0 11.0 10.2 10.6 11.2 10.2 9.6 9.3 9.8 12,0 70.7 10.6
29 2.49 70.0 69.4 69.4 121.9 20.3 123.1 122.0 67.5 14.0 68.2 69.4 147.1 121.3
30 3.35 10.7 10.7 10.7 10.0 10.7 10.5 10.1 10.0 9.8 10.1 10,2 33.8 10.6
31 3.65 72.6 72.4 72.4 69.6 71.7 71.6 69.7 68.6 68.2 69.4 10.3 183.1 70.8
32 2.32 13.0 12.7 12.7 10.0 10.8 11.7 10.2 10.0 8.2 10.1 13.2 71.9 10.2
33 2.84 9.9 9.6 9.6 7.6 9.4 8.3 7.8 7.3 8.6 8.1 6.9 42.7 8.5
34 3.24 71.1 71.0 71.0 69.0 70.2 70.7 69.1 68.6 67.5 68,8 70.1 123.1 69.5
3s 3.21 11.2 11.2 11.2 10.1 11.1 11.7 10.2 9.0 8.6 9.5 14.3 37.4 11.0
36 2.53 8.4 8.4 8.4 8.5 8.5 9.4 8.5 6.9 6.9 7.2 13.5 54.3 8.7
37 2.91 58.2 61.2 61.2 31.2 25.4 30.2 32.0 32.8 68.3 55.6 62.1 190.7 38.6

Snow Condition

1 2.06 6.1 6.1 6.1 5.5 6.2 6.0 5.5 5.5 5.4 5.6 6.5 11.0 5.9
2 1.60 7.3 7.3 7.3 7.6 6.5 9.0 7.6 6.0 5.8 6.0 9.9 11.5 6.9
3 3.07 9.8 9.8 9.8 50.1 9.1 51.8 50.1 7.4 7.0 7.4 52.0 17.9 8.7
4 2.80 8.6 8.7 8.7 7.7 8.3 9.0 7.7 7.0 6.5 7.3 9.5 16.8 8.1
5 2.72 48.2 48.2 48.2 47.7 47.4 49.6 47.7 46.4 45.7 46.4 50.3 54.1 47.3
6 2.52 9.4 9.4 9.4 8.4 7.9 10.1 8.4 7.1 6.6 7.2 10.3 14.6 8.2
7 2.31 7.5 7.6 7.6 6.5 6.0 7.9 6.5 5.2 4.7 5.2 8.3 12.7 6.4
8 3.07 9.5 9.5 9.5 8.7 9.7 9.3 8.7 8.7 8.6 8.7 9.5 16.2 9.3
9 2.25 8.9 8.9 8.9 8.0 8.2 9.6 8.1 6.9 6.8 7.1 9.8 14.4 7.9
10 2.50 10.5 I0.S 10.5 10.2 10.8 10.8 10.2 9.8 9.9 9,7 11.5 15.6 10.4
II 2.80 8.5 8.5 8.5 7.6 8.3 8.6 7.6 7,3 6.8 7,7 9.4", 17.6 8.1
12 1.64 5.8 5.8 5.8 S.0 47.0 6.4 5.0 5.2 45.S 4.9 6.3'- 10.7 5.1
13 2.11 8.0 66.4 8.0 66.2 66.4 66.5 66.2 7.7 7.4 7.8 66.5 6814 66.4
14 2.94 9.0 9.0 9.0 8.3 9.2 8.5 8.3 8.2 8.0 8,2 9.1 15.4 8.9
is 3.62 11.6 11.6 11.6 10.1 11.0 11.4 10.1 9.S 8.9 10.0 12.1 21.0 10.4
16 2.56 8.6 8.7 8.7 8.2 8.7 8.8 8.2 7,8 7.7 7.9 9.2 13.8 8.5
17 2.47 7.5 7.5 7.5 36.2 8.5 36.4 36.3 6.7 6.5 6.7 40.5 72.7 7.2
18 2.06 8.2 8.2 8.3 49.9 9.4 91.5 49.9 7.1 6.7 7.2 91.7 5S.2 49.0
19 4.18 11.6 11.6 11.6 I0.5 11.8 10.9 10.5 10.2 9.9 10.2 11.9 21.9 11.4
20 2.03 7.5 7.5 7.5 6.3 5.7 7.9 6.3 4.9 4.0 4.9 8,7 12.4 6.1
21 1.76 6.9 6.9 6.9 6.7 5.9 8.2 6.7 S.2 5.1 5.2 8.4 10.1 6.3
22 2.91 12.2 12.3 12.3 12.3 11.2 14.5 12.3 9.7 9.2 10.1 20.1 23.8 11.8
23 1.82 6.0 6.0 6.0 5.3 5.1 6.6 5.3 4.4 4.0 4.4 6.7 10.0 5.3
24 3.97 11.0 11.0 11.0 10.0 11.2 11.1 10.0 9.9 9.8 9.9 11.2 20.8 10.8
25 2.53 11.0 11.0 11.0 11.4 10.1 13.5 11.5 8.8 8.6 9.3 78.3 79.8 11.3
26 1.88 7.4 7.5 7.S 7.6 7.9 49.6 7.5 6.0 5.9 6.1 49.9 53.0 48.1
27 2.67 9.1 9.2 9.2 8.2 8.8 8.8 8.2 7.7 7.2 8.2 11.2 17.4 8.7
28 3.20 10.1 10.7 10.7 10.5 10.5 11.4 10.5 9.6 9.6 9.8 12.7 16.7 10.6
29 2.49 61.7 61.7 61.7 62.0 10.0 63.7 62.1 7.6 7.9 9.9 69.1 75.3 63.3
30 3.35 11.3 11.3 11.3 10.8 11.4 11.2 10.8 10.8 10.7 10.8 11.4 15.7 11.3
31 3.65 10.8 10.8 10.8 9.2 10.0 10.8 9.2 8.4 7.5 8.6 11.5 21.2 9.8
32 2.32 10.1 10.0 10.0 9.4 9.1 10.9 9.4 9.0 7,9 8.9 13.6 19.0 9.3
33 2.84 44.4 44.4 44.4 14.0 44.0 19.1 18.8 42.8 42,2 43.2 44.3 110.2 43.3
34 3.24 11.3 11.3 11.3 10.0 10.3 11.7 10.1 9.0 7,9 9.4 70.7 78.2 10.2
35 3.21 10.0 10.1 10.1 9.9 10.1 11.2 9.9 8.6 8.8 8.8 15.6 21.5 10.0
36 2.53 8.1 8.1 8.1 8.6 8.3 9.4 8.6 7.1 7.4 7.2 14.6 18.9 8.5
37 2.91 56.2 59.4 59.4 30.9 23.6 30.2 31.6 32.0 67.2 54.2 62.7 -79.2 37.4



APPENDIX F: SELECTION OF TACTICAL HIGH AS MOBILITY

LEVEL FOR COMPARING STUDY VEHICLES

1. The percentages of primary and secondary roads, trails, and

off-road terrain that make up the network for the 37 missions related to

artillery movement (Table 3) were compared to the percentages of

operating distance for tactical high mobility (Table 18) with the

following results:

Mission Network Composite Percentage
Primary Secondary

Road Road Trails Off-Road

Artillery missions 15 33 42 10

Tactical high mobility
level 10 32 8 50

2. The values of 10, 32, and 8 were obtained by taking 50 percent

of the values shown for primary roads, secondary roads, and trails from

the HIMO network shown in Table 3. The comparison above shows that the

artillery missions have about the same percentage of trails and off-

road combined (42 + 10) as the tactical high mobility level (50 + 8) but

the artillery missions have a much larger percentage of trails than does

the tactical high mobility levels.

3. To show that the tactical high mobility level was adequate for

describing the mobility performance for artillery-related missions, a

preliminary definition of "tactical artillery mobility" was defined as

follows:

a. 20 percent of primary roads at V1 00

b. 20 percent of secondary roads at V1 0 0

c. 40 percent of trails at V1 0 0

d. 20 percent of off-road at V9 0

The equations given in Appendix G were then used to determine a tactical

artillery mobility rating speed based on the preliminary definitions of

"tactical artillery mobility" given above. Tactical artillery

F1



mobility rating speeds and the tactical high mobility rating speeds for

several study vehicles for the wet condition in West Germany are given

below.

Tactical Artillery Tactical High
Mobility Rating Mobility Rating

Study Vehicle Speed, mph Speed, mph

M109A1 13.0 10.1

ASV-XM204 14.2 10.7

TDW901-XM204 12.0 9.3

M561-XM204 4.3 3.1

M548-XM204 7.4 4.3

ASV-XM198 12.9 9.8

TDW901-XM198 10.4 8.2

M656-XM198 4.9 3.9

M548-XM198 7.1 4.3

ASV-FH70 0.1 0.1

TDW90-FH70 0.1 0.1

M520-FH70 0.1 0.1

M548-FH70 0.1 0.1

4. The differences in speed show that the tactical high mobility

level is slightly more severe than the tactical artillery mobility level.

However, it is felt that the difference in performance between tactical

high mobility and tactical artillery mobility do not warrant establishing

a tactical artillery mobility definition at this time. Therefore, it is

recommended that the tactical high mobility level be used to determine

the relative mobility of artillery vehicles until sufficient data are

available to more completely define the tactical artillery mobility

definition.
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APPENDIX G: COMPUTATION OF MISSION-ORIENTED AVERAGE SPEED BASED

ON STATISTICAL MISSION DEFINITION AND VEHICLE PERFORMANCE

STATISTICS FOR AN AREA AND CONDITION

1. The equation for computing the mobility rating speeds from the

HIMO report is given as follows:

100

where

V = mobility rating speed, mph, for a vehicle performing a
w mission for a specific area and condition.

P = the percentage of expected off-road operating distance.

VC = the speed from the off-road profile, mph, corresponding
to C.

C = the percentage of the off-road terrain that should be
negotiable.

L = the percentage of the total time over the route network
considered as an off-road traverse, that is spend in
negotiating linear features. (This figure is available
from the link statistics for each vehicle, area, and
condition.)

V R the speed from the on-road speed profile, mph, corresponding
to R.

R = the percentage of the road and trail network that should be
negotiable.

2. The speed from the on-road profile, VR' is not directly

available from this study, but can be computed using the speeds from the

profiles of the primary and secondary roads and trails as follows:

100 P
R P PS PT

Vp Vp Vp
PP SP TP

Gl



where:

PPS PSO PT percentages of the composite on-road and off-road
network that are primary roads, secondary roads,
and trails, respectively.

V pp VSp, V the speeds from the primary road, secondary road,
and trail speed profiles respectively, mph, that

correspond to R.
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